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ANTIBACTER1AL.WOUND HEALING COMPOSITIONS 
AND METHODS FOR PREPARING AND USING SAME 

BACKGROUND OF THE INVENTION 

1. Field of flie Invention 

This invention pertains to tfierapeutic antibacterial-wound healing 
compositions useful for reducing the size, duration and severity of infected wounds. 
More particularly, die antibacterial-wound healing compositions comprise an 
antibacterial agent and a dierapeutic wound healing composition and/or its 
metabolites. This invention also pertains to mediods for preparing and using the 
antibacterial-wound healing conq>ositions and the pharmaceutical products in which 
die therapeudc con^sitions may be used. 

A preferred embodiment of the therapeutic wound healing composition of 
diis invention comprises (a) pyrovate selected from the group consisting of pymvic 
acid, phamiaceutically acceptable salts of pymvic acid, and mixtures thereof, (b) an 
antioxidant, and (c) a mixture of saturated and unsaturated fatty acids wherein the 
fatty acids are diose fatty acids required for the repair of cellular membranes and 
resuscitation of mammalian cells. 
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2. Description f the Background 
Wound Healing 

Wounds sie istcnial or wktema! bodily injunas or lesions caused by physical 
means, sudi as mechanical, chemical viral, bacterial, or diemial means, which 
di8rq)t the ncnmal continuity of stroctores. Sudi bodily injuries include contusions, 
wounds in which die skin is unbroken, incisions, wounds in wUch die skin is 
broken by a cutting instrument, and lacerations, wounds in which die ddn is broken 
by a dull or bhint instnunent Wounds may be caused by accidents or by suigical 
procedures. Patients who suffer major wounds could benefit fiom an enhancement 
of the wound healing process. 

Wound healing consists of a series of processes whereby injured tissue is 
repaired, specialized tissue is regenerated, and new tissue is reorganized. Wound 
healing consists of three major phases: a) an inflammation phase (0-3 days), b) a 
cellular proliferation phase (3-12 days), and (c) a remodeling phase (3 days- 
6 months). 

During die inflammation phase, platelet aggregation and clotting form a 
matrix which traps plasma proteins and blood cells to induce die influx of various 
types of cells. During die celhilar proliferation phase, new connective or 
granulation tissue and blood vessels are formed. During the remodeling phase, 
granulation tissue is replaced by a network of collagen and elastin fibers leading to 
the formation of scar tissue. 

When cells are injured or killed as a result of a wound, a wound healing 
step is desirable to resuscitate the injured cells and produce new cells to replace the 
dead cells. The healing process requires die reversal of cytotoxicity, the 
suppression of inflammation, and the stimulation of cellular viability and 
proliferation. Wounds require low levels of oxygen in die initial stages of healing 
to suppress oxidative damage and higher levels of oxygen in die later stages of 
healing to promote collagen formation by fibroblasts. 
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Mammalian cells are continuously exposed to activated oxygen species 

such as siqieroxide (02-)> hydrogen peroxide (H2O2), hydroxyl radical (OH ), and 

.1 , 

smglet oxygen (*02). In vw?, these reactive axygea intennediates are generated by 
cells in response to aerobic metabolism, catabolism of dmgs and o&er xenobiotics, 
ultraviolet and x-ray radiation, and the respiratoiy burst of phago^c cells (such as 
white blood cells) to kill invading bacteria such as Aose introduced duough 
wounds. Hydrogen peroxide, for example, is produced during respiration of most 
living oiganisms especially by stressed and injured cells. 

These active oxygen species can injure cells. An important example of 
such damage is lipid peroxidation which involves the oxidative degradation of 
unsaturated lipids. lipid peroxidation is highly detrimental to monbrane structure 
and function and can cause numerous cytopatiiological eflfects. Cells defisnd against 
lipid peroxidation by producing radical scavengers such as superoxide dismutase, 
catalase, and peroxidase, injured cells have a deceased ability to produce radical 
scavengers. Excess hydrogen peroxide can react witii DNA to cause backbone 
breakage, produce mutations, and alter and liberate bases. Hydrogen peroxide can 
also react with pyrimidines to open the 5, 6-double bond, which reaction inhibits the 
ability of pyrimidines to hydrogen bond to complementary bases, HaOaender et aL 
(1971). Such oxidative biochemical injury can result in tiie loss of cellular 
membrane integrity, reduced enzyme activity, changes in transport kinetics, changes 
in membrane lipid content, and leakage of potassium ions, amino acids, and other 
cellular material. 

Antioxidants have been shown to inhibit damage associated with active 
oxygen species. For example, pyruvate and otiier ^ijpAa-ketoacids have been 
reported to react rapidly and stoichiometrically widi hydrogm peroxide to protect 
cells from cytolytic effects, ODonnell-Tormey et aL, J. Exp. Med, 165, pp. SOO- 
514 (1987). 
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United States Patents N s. 3,920,835, 3,984,556, and 3,988,470, aU issued 
to Van Scott et aL, disci se mediods for treating acne, dandruff, and palmar 
kcfatosis, fc5p6C{ivdy» which ccmsist of applying to me anected area a topical 
oon^ositiiMi comprising fix>m about 1% to about 20% of a lower aliphatic 
cooipound containing fiom two to six carbon atoms selected fiom tfie groiq) 
consisting of i^^pAa-hydrcn^dds, ^$7Aa4cetoacids and esters diereof, and 
3-hydi09Qrbutiyic add in a pharmaceutically acceptable carrier. The aliphatic 
conopounds inckde pyruvic add and lactic add 

United States Patents Nos. 4,105,783 and 4,197316, both issued to 
Ytt et al.t disclose a method and composition, respectively, for treating diy skin 
which consists of applying to the afifected area a tx^ical con^osition coniprising 
fiom about 1% to about 20% of a compound selected fiom the group ocmsisting of 
amides and ammonium salts of il^iAa-hydroxyacids, j9-hydioxyadds, and Alphas 
ketoadds in a pharmaceutically acceptable carrier. The co^^)ounds include die 
amides and ammonium salts of pymvic add and lactic acid. 

United States Patent No. 4,234,599, issued to Van Scott et al, discloses a 
mediod for treating actinic and nonactinic skin keratoses which consists of applying 
to the affected area a topical composition comprising an effective amount of a 
compound selected fiom die group consisting of ^^Aa-hydroxyadds, fi- 
hydroxyadds, and ^^i^/ra-ketoadds in a pharmaceutically acceptable carrier. The 
acidic compounds include pymvic acid and lactic add. 

United States Patent No. 4,294,852, issued to Wildnauer et aL, discloses a 
composition for treating skin which coniprises the Alpha-hydroxyacids, fi- 
hydro^acids, and i4^/ra-ketoadds disclosed above by Van Scott et al in 
combination widi CyC^ aliphatic alcohols. 

United States Patent No. 4,663,166, issued to Veech, discloses an 
electrolyte sohition which comprises a mixture of Lrlactate and pyruvate in a ratio 
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fiom 20:1 to 1:1, respectively, or a mixtiue f D^^^bydroxybiityrate and 
acetoacetate, in a ratio from 6:1 to 0^:1, re^ectivefy. 

Sodium pyruvate has been reported to reduce the numbo' of erosions, 
5 ulcers, and hemoniiages on die gastric mucosa in guinea pigs and rats caused by 

acetylsaiic^tic acid. The analgesic and antipyretic properties of aceQrlsaliqylic add 
wm not impaired by sodhnn pyruvate, Pusdunann, Aizneimittelforscbung, 33, 
pp. 41(M1S and 415-416 (1983). 

10 Pyruvate has been reported to exert a positive inotropic ^ect m stunned 

myocardium, which is a prolonged voitricular dysfunction following brief periods 
of coronary arteiy occlusions which does not produce irreversible damage, 
Mentzer et al., Ann. Smg., 209, pp. 629^33 (1989). 

15 Pyruvate has been reported to produce a rdative stabilization of left 

ventricular pressure and work parameter and to reduce the size of infarctions. 
Pyruvate inoproves resunoption of spontaneous beating of die heart and restoration of 
normal rates and pressure development, Bunger et al., J. Mol. Cell Cardiol., 18, 
pp. 423-438 (1986), Mochizuki et aU J. Physiol. (Paris), 76, pp. 805-812 (1980), 

20 Regitz et al, Cardiovasc. Res., 15, pp. 652-^58 (1981), Giannelli et a/., 

Ann. Thorac. Surg., 21, pp. 386-396 (1976). 

Sodium pyruvate has been reported to act as an antagonist to cyanide 
intoxication Opresumably through die formation of a cyanohydrin) and to protect 
25 against the lethal effects of sodium sulfide and to retard the onset and development 

of functional, morphological, and biochemical measures of aciylamide neuropathy 
of axons, Schwartz et al, Toxicol. Appl. Pharmacol., 50, pp. AZl-AAl (1979), 
Sabri et al. Brain Res., 483, pp. 1-11 (1989). 

30 A chmodierapeutic cure of advanced L1210 leukemia has been reported 

using sodium pyravate to reside abnomially deformed red blood cells to nomial. 
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The defoimed red blood cells prevented adequate drug deliveiy to tumor cells, 
Cohen, Cancff Chemofter. Pharmacol, S, pp. 175-179 (1981). 

Primary cultures of heterotopic tracheal transplant es^sed in vivo to 7, 
12pdimediyl*benz(a)an1faracene weie repottoi to be successfully maintained in 
enrichment medium supplemrated with sodhsn pyravate along wiA cuhures of 
intedeukin-2 stimulated peripheral blood tymphocytes, and plaanacytomas and 
hybridomas, pig embryos, and human blastocysts, Shacter, J. ImmunoL Methods, 
99. pp. 259-270 (1987), Marchok a/., Cancer Res., 37, pp. 1811-1821 (1977), 
Davis, J. Reprod. FertiL SappU 33, pp. 115-124 (1985), Okamoto et al. 
No To Shinkd, 38, pp. 593-598 (1986), Cohen et al., 
J. In Vitro Pert Embryo Transftr, 2, pp. 59-64 (1985). 

United States Patents Nos. 4,158,057, 4^51,835, 4,415,576, and 
4,645,764, all issued to Stanko, disclose mediods for preventing die accumulation of 
iat in die liver of a mammal due to die ingestion of alcohol, for controlling weight 
in a mammal, for inhibiting body fat yAdh^ increasing protein concentration in a 
mammal, and for controlling die deposition of body fat in a living being, 
respectively. The mediods comprise administering to the manmial a therapeutic 
mixture of pyruvate and dihydroxyacetone, and optionally riboflavin. United States 
Patent No. 4,548,937, issued to Stanko, discloses a method for controlling the 
weight gain of a mammal which comprises administering to die mammal a 
therapeuticaUy effective amount of pyruvate, and optionally riboflavin. United 
States Patent No. 4,812,479, issued to Stanko, discloses a method for controlling die 
weight gain of a mammal which comprises administering to the mammal a 
dieFE^eutically effective amount of dihydroxyacetone, and optionally riboflavin and 
pyruvate. 

Rats fed a caldum-oxalate lidiogmic diet including sodium pyruvate were 
reported to develop fewo* urinary calculi (stones) dian control rats not given sodium 
pyravate, Ogawa et al., Hinyokika Kiyo, 32, pp. 1341-1347 (1986). 
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United States Patent No. 4,521,375, issued to Houlsby, discloses a method 
for sterilizing sur&ces which come into contact witii living tissue. The method 
comprises sterilizing the suriace wim aqueous hydrogen peroxide and men 
neutralizing the sui&ce widi pyruvic acid. 

United States Patent No. 4.416^82, issued to Tanda et al., discloses a 
mediod for decon^osing hydrogen peroxide by xeactmg die hydrogen peroxide widi 
a phenol or aniline derivative in die presence of peroxidase. 

United States Patent No. 4,696^17, issued to lindstrcon et al, discloses 
an eye irrigation solution which courses Eagle's Minimum Essential Medium 
widi Earie's salts, chcMidroitin sul&te, a buffer sohiticm, 2-merc9toediaiioI, and a 
pyravate. The irrigation soluticm may optionally contain ascorbic acid mdA^ha- 
tocopherol. United States Patent No. 4,725,586, issued to Lmdstrom et aL, 
discloses an irrigation solution which comprises a balanced sah sohition, chcmdroitm 
sulfate, a buffer solution, 2-mercaptoedianoI, sodium bicarbonate or dextrose, a 
pymvate, a sodium phosphate buffer system, and cystine. The irrigation solution 
may optionally contain ascorbic add and gamma-tocopherol. 

United States Patent No. 3,887,702 issued to Baldvidn, discloses a 
con^osition for treating fingernails and toenails which consists essentially of 
soybean oil or sunflower oil in combination with Vitamin E. 

United States Patent No. 4,847,069, issued to Bissett et al, discloses a 
photoprotective composition comprising (a) a sorbohydroxamic acid, (b) an anti- 
inflammatory agent selected fiom steroidal anti-inflammatory agents and a natural 
anti-inflammatory agent, and (c) a topical carrier. Fatty acids may be present as an 
emollient United States Patent No. 4,847,071, issued to Bissett et aL, discloses a 
photoprotective composition conxprising (a) a tocopherol or tocopherol ester radical 
scavenger, (b) an anti-inflammatory agent select fiom stmidal anti-inflammatory 
agents and a natural anti-inflammatory agent, and (c) a tc^ical catrio:. United 
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States Patent N . 4»847,072, issued to Bissett et al, discloses a topical comp sidon 
ooxq>rising not more than 25% tocopherol soxbate in a topical canier. 

United States Patent No. 4,S33,637» issued to Yamane et al, discloses a 
culture medium ^9AaxSx conqmses a caibon source, a nucleic acid source precursor, 
amino acids, vitamins, minerals, a lipophilic nutrient, and soum albumm, and 
cyclodextrins. The l^ophilic substances inchide unsaturated &tty adds and 
Upc^hiUc vitamins such as Vitamin A, D, and & Ascorbic acid may also be 
present 

United Kingdom patent plication no. 2,196348A, to Kovar et a/., 
discloses a syndiedc culture medhmi yAsixAk conqmses incnrganic salts, 
manosacduurides, amino adds, vitamins, bufiering agents, and opdonaily sodium 
pyruvate adding magnesram hydroxide or magnesium oxide to die emulsion. The 
dl phase may indude duciken &t 

United States Patent No. 4^84,630, issued to Yu al, discloses a 
method for stabilizing a water-in-oil emulsion which comprises adding magnesium 
hydroxide or magnesium oxide to the emulsion. The oil phase may include chicken 
&t 

Prq)aration has been rq>orted to increase the rate of wound healing 
in artificially created rectal ulcers. The active ingredients in Preparation are 
skin req>iratoiy factor and shark liver oil, Subramanyam et al.. Digestive Diseases 
and Sdences, 29, pp. 829-832 (1984). 

The addition of sodium pyravate to bacterial and yeast systems has been 
reported to inhibit hydrogen peroxide production, enhance growth, and protect the 
systems against the toxicity of reactive oxygen intermediates. The unsaturated fatty 
adds and saturated fatty adds contained within chicken ht enhanced membrane 
repair and reduced cytotoxicity. The antioxidants glutathione and tfaioglycoUate 



wo 96/37228 PCT/US96/05897 

-9- 

leduced the mjmy induced by oxygen ladical species, Martin, PhJ). diesis, (1987- 
89). 

United States Patent No. 4,615,697, issued to Robinson, discloses a 
controlled release treatment coxiqx>sition conqmsing a treating agent and a 
bioadhesive agent conqxrising a water-swdlable but water-msohible, fibrous cross- 
linked carboxy-fiincttonal polym^. 

European patent application no. 0410696A1, to Kellaway ei al., discloses 
a rnucoadhesive deliveiy system ccnxqprising a treating agent and a polyaoylic acid 
ooss-linked with fiom about 1% to about 20% by wdgjht of a pol^ydro}^ 
compound such as a sugar, cyclitol, or lower polyfaydric alcohol. 



SUMMARY OF THE INVENTION 

This invention pertains to therapeutic antibacterial-wound healing 
conq)Ositions for reducing die size, duration, and severity of infected wounds. The 
compositions of the invention comprise a therapeutically effective amount of one or 
more antibacterial agents and a wound healing composition. A preferred 
embodiment of the wound healing composition of this invention cozx^rises (a) 
pyruvate selected fiom the groiq) consisting of pyruvic acid, pharmaceutically 
acceptable salts of pyruvic acid, and mixtures tiieieof; (b) an antioxidant; and (c) a 
mixture of saturated and unsaturated fatty adds wherein tiie &tty acids are those 
fatty acids required for the repair of cellular membranes and resuscitation of 
mammalian cells. The therapeutic antibacterial-wound healing conq)ositions of tiiis 
invention may be utilized in a wide variety of pharmaceutical products. This 
invention also relates to metiiods for preparing and using ifae antibacterial-wound 
healing therapeutic compositions and the pharmaceutical products in )9duch the 
dierapeutic conqpositions may be used. 
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This invention iuither comprises augmented therapeutic antibacterial-wound 
healing compositions conqirising antibacterial agents and a Aeiapeutic wound 
bealuig COnipOsitiOn io combination wiih One Of InOic additional medicaments. This 
invention also relates to methods for preparing and using the augmented fter^eutic 
antibacterial-wound healing compositions and the phamiiaceutical products in whidi 
the augmented compositions may be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 dqsicts in bar gnqph formal Ae viability of U937 monocytic cells 
following exposure of the ceUs to various antioxidants (Exanqyles 1-5). 

Figure 2 depicts in bar graph format the viability of U937 mcmocytic cells 
following exposure of the cells to various combinations of antioxidants 
(Exanq>les 6-13). 

Figure 3 depicts in bar graph fomat the levels of hydrogen peroxide 
produced by U937 monocytic cells following exposure of the cells to various 
antioxidants (Examples 14-18). 

Figure 4 depicts in bar graph format the levels of hydrogen peroxide 
produced by U937 monocytic cells following exposure of the cells to various 
combinations of antioxidants (Exanq>les 19-26). 

Figure S depicts in bar graph format the levels of hydrogen peroxide 
produced by U937 monocytic cells following exposure of the cells to various 
combinations of antioxidants witii and widiout a mixture of saturated and 
unsaturated fatty acids (Examples 27-32). 

Figure 6 depicts in bar graph format the levels of hydrogen peroxide 
produced by epidermal keratinocytes following exposure of tiie cells to various 
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anticnddaiits with and without a mixture of saturated and unsaturated fatty acids 
(Examples 33-42). 

Figure 7 depicts in bar gr^h format die levels of hydrogen peroxide 
produced by qpidemial keratinocytes following esq^osure of die cells to various 
combinations of antioxidants with and widiout a nuxture of saturated and 
unsaturated &tty acids (Exanqiles 43-52). 

Figure 8 dq>icts in bar gnQih format a summary analysis of die levels of 
hydrogen pmxide produced by epidermal keratinocytes following e3qK>sure of the 
cells to die individual conqKments of die wound healing composition, to various 
combinations of die wound healing composition, and to the wound healing 
composition. 

Figures 9A-9D are photographs of wounded mice after 4 days of treatment 
widi: no composition (Fig. 9A, control); a petrolatum base fomsulation containing 
live yeast cell derivative, shark oil» and a mixture of sodium pyruvate, vitamin E, 
and chicken fat (Fig. 9B); a petrolatum base fommilation containing live yeast cell 
derivative and shark oil (Fig. 9C); and Preparation (Fig. 9D). 

Figure 10 is a photograph of a wounded mouse after 4 days of treatment 
with a petrolatum base formulation only (Exan^ile D). 

DETAILED DESCRIFnON OF THE INVENTION 

This invention pertains to therapeutic antibacterial-wound healing 
compositions which comprise one or more antibacterial agents and a wound healing 
coniposition and/or its metabolites, ibi one embodiment the wound healing 
composition comprises (a) pyruvate selected fiom the group consisting of pyruvic 
acid, pharmaceutically acceptable salts of pyruvic acid, and mixtures diereof, (b) an 
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antioxidant; and (c) a mixtuie of saturated and unsaturated fatty acids wherein die 
fiitty acids are those &tty acids required for the repair of ceUular membranes and 
i^SusCiiadOn of mammalian cells. 

A]iplicant has discovered tfierapeodc vromd healing conqxMitions for 
preventing and reducing injuiy to mammalian cells and inmasing the resuscitation 
rate of injured mammalian cells. Cells treated widt the (faenqieutic wound healing 
compositions of the present invention show deceased levels of hydrogen peroxide 
production, increased resistance to cytotoxic agents, increased rates of pioliforation» 
and increased viability. Cellular cultures containing the Aerapeutic wound healing 
coropositions showed enhanced differentiation and prolifmtion over control cultures 
and rapidly formed attachments or ti^t junctions between the cells to form an 
epidermal sheet Wounded mammals treated widi die thmpeutic wound healing 
compositions ^ow significandy inqnoved wound closing and healing over untreated 
mammals and mammals treated widi ccmventional healing conq)ositions. The 
wound healing c(mq)ositipns may be used alone or in combination widi odier 
medicaments. 

The therapeutic wound healing compositions of this invention ate 
Embodiment One. There are several aspects of Embodiment One of dierapeutic 
wound healing conipositions in diis invention. In a first aspect, (LA), the 
therapeutic wound healing composition conq)rises (a) pyruvate selected from the 
group consisting of pyruvic acid, pharmaceutically acceptable salts of pyruvic acid, 
and mixtures thereof, (b) an antioxidant, and (c) a mixture of saturated and 
unsaturated fatty acids wherein die fatty acids are those fatty acids required for the 
repair of cellular membranes and resuscitation of mammalian cells. In a second 
aspect, (I.B), the dierapeutic wound healing con^osition comprises (a) pymvate 
selected from die group consisting of pymvic acid, phannaceuticaUy acceptable salts 
of pyruvic acid, and mixtures diereof, (b) lactate selected fiom die group consisting 
of lactic acid, pharmaceutically acceptable salts of lactic acid, and mbctures diereof, 
and (c) a mature of saturated and unsaturated &tty acids wherein the &tty acids are 
those fatty acids required for the repair of ceOular membranes and resuscitation of 
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mammalian cells. In a ttiird aspect, (LQ^ the dierapetttic wound healing 
conq)osition comprises (a) an antioxidant and (b) a mixture of saturated and 
unsatufated fktiy acids wherein the iatty acids are those &tty acids required for the 
rqiair of cellular membranes and resuscitation of mammalian cdls. In a fouifli 
aspect, (Ijy), Ae tfimpeutic wound healing conqwsition conqnises (a) lactate 
sdected fiom the group consisting of lactic add, phaimaceutically acceptable salts 
of lactic add, and mixtures Aereof, (b) an andoxidant, and (c) a mixture of 
saturated and unsaturated &tty adds vdierdn the &tly acids are diose iatty adds 
required fixr die repair of cellular membranes and xesusdtation of mammalian cells. 

The dienpeutic wound healmg conqpositions of diis invention are furflier 
oonibined widi a dierapeutically efiecdve amount of an antibacterial agent QQ to 
fonn antibacterial-wound healing compositions (LA-D X). The antibacterial- 
wound healmg conopositions may be used alone or in combination widi otiier 
medicaments. This invention also pertains to methods for preparing and using tiie 
antibacterial-wound healing conq)ositions and the phanmceutical products in which 
die therapeutic compositions may be used. 

The therapeutic antibacterial-wound healing coixqiositions of this invention 
may be further combined widi one or more additional medicaments for treating 
wounds to form augmented antibacterial-wound healing conq)ositions. This 
invention also relates to metiiods for preparing and using die augmented tiierapeutic 
antibacterial-wound healing coinpositions and the pharmaceutical products in which 
die augmented conopositions may be used. 

The temi "injured cell" as used herein means a cell that has any activity 
dismpted for any reason. For example, an injured ceU may be a cell that has 
injured membranes or damaged DNA, RNA, and riboscmies, for example, a cell 
which has (a) injured membranes so diat transport through the membranes is 
diminished resulting in an increase in toxins and normal cellular vi^astes inside the 
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cell and a decrease in nutrients and odier coniponents necessaiy far cellular repair 
inside ttie cell, (b) an increase in concentration of o?cygen radicals inside Hie cell 
because of the decreased ability of the ceU to produce antioxidants and enzymes, or 
(c) damaged DNA, RNA» and ribosomes which must be repaired or replaced before 
normal celhilar functions can be resumed. The term "resusdtaticm" of injured 
mammalian ceUs as used herein means die reversal of cytotoxicity, the stabilizaticm 
of die cellular membrane, an mcrease in die proliferation rate of die cell, and/or die 
normalization of cellular functions such as die secretion of growdi fiictors, 
hormones, and the like. The term "cytotoxiciV* as used herein means e condition 
caused by a cytotoxic agent diat injures the cell. Injured cells do not proUfoate 
because injured cells e3cpend all energy on cellular repair. Aiding ceUuIar rq)air 
promotes cellular proliferation. 

The term "prodmg", as used herein, refers to compounds which undogo 
biotransfinmation prior to exhibiting their pharmacolc>gical effects. The chemical 
modification of drags to ovocome pharmaceutical problems has also been termed 
"drug latentiation." Drug latentiation is the chemical modification of a biologically 
active compound to form a new compound which upon in vis^o enzymatic attack 
will h'berate die parent conq)ound. The chemical alterations of the parent 
compound are such that die change in physicochemical properties will affect the 
absorption, distribution and enzymatic metabolism. The definition of drug 
latentiation has also been extended to include nonenzymatic regeneration of the 
parent conq>ound. Regeneration takes place as a consequence of hydrolytic, 
dissociative, and other reactions not necessarily enzyme mediated. The terms 
prodrugs, latentiated drugs, and bioreversible derivatives are used interchangeably. 
By inference, latentiation inqilies a time lag element or time conqponent involved in 
regenerating the bioactive parent molecule in vivo. The teraa prodmg is general in 
diat it inchtdes latentiated drag derivatives as well as diose substances \ifdiich are 
converted after administration to die actual substance which combines widi 
receptors. The term prodrug is a generic temi for agents which undergo 
biotransformation prior to exhibiting dieir pharmacological actions. In the case 
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where ttie administered drug is not the active agent, but rather is biotransfonned to 
die active agent, the term "prodnig" also inchides compounds which may not 
necessarily undergo biotransformation to the administered drog but may undeigo 
biotransfinmation to die active agent ^^ch exhibits tiie desired pharmacological 
efifect 

The tern "^metabolite", as used herein, refers to any substance produced 
by metabolism or by a metabolic process. "Metabolism", as used herem, refers to 
the various chemical reactions involved in the transformation of molecules or 
chemical confounds occurring in tissue and tiie cells therein. 

L Wound HeaBng Compositions 
A. Embodiment One (LA-D) 

The cells which may be treated widi die therapeutic wound healing 
conqK>sitions in the present invention are mammalian cells. Although applicant will 
describe die present dierapeutic wound healing coixq)ositions as useful for treating 
mammalian epidermal keratinocytes and mammalian monocytes, applicant 
conteniplates that the therapeutic woimd healing compositions may be used to 
protect or resuscitate all mammalian cells. Keratinocytes are representative of 
normal mammalian cells and are the fastest proliferating cells in the body. The 
correlation between the reaction of keratinocytes to injury and tiierapy and that of 
mammalian cells in general is very high. Monocytes are representative of 
specialized mammalian cells such as die white blood cells in the imnnme system 
and the organ cells in liver, kidney, heart, and brain. The mammalian cells may be 
treated in vtm and in vitro. 

Epidermal keratinoqies are the specialized epidielial cells of the 
qiideraods which synthesize kmtin, a sclmprotein which is the principal 
constituent of epidermis, hair, nails, homy tissue, and the organic matrix of the 
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enamel f teedi. Mammalian epidermal koatinocytes constitute about 95% of &e 
epidermal cells and togedier with melan cytes form the binary system of die 
epidermis. Jn its various successive stages^ epidermal keratinocytes are also known 
as basal cells, prickle cells, and granular cells. 

Mcmo^tes are mononuclear phagocytic leukocytes ^ch undogo 
respiratory bursting and are involved in reactive oxygen mediated damage widiin 
die epidermis. Leukocytes are white blood cells or corpuscles which may be 
classified into two main groups: granular leukocytes (granulocytes) ^ch are 
leukoqrtes widi abundant granules in the cytoplasm and nongranular leukocytes 
(ncmgranulo^tes) which are leukocytes widiout specific granules in die cylcqilasm 
and wincli include die fymphocytes and monocytes. Fha^Kyte cells are cells vMcSi 
ingest microorganisms or odier cells and foreign particles. Mono^ftes are also 
known as large mononuclear leukocytes, and hyaline or transitional leuko^tes. 

Epidermal koatinocytic cells and mmocytic cells have multiple oxygen 
generating mechanisms and the degree to which each type of mechanism functions 
differs in each type of cell. In monocytes, for example, the respiratory bursting 
process is more pronounced than in epidermal keratinocytes. Hence, the 
con^onents in the therapeutic wound healing conqK)sitions of the present invention 
may vary depending upon the types of cells involved in die condition being treated. 

As set out above, in a first aspect of Embodiment One (I A), die 
therapeutic wound healing corxq)osition for treating mammalian cells, preferably 
epidermal keratinocytes, conq>rises (a) pymvate selected fiom the group consisting 
of pyruvic acid, pharmaceutically acceptable salts of pymvic acid, and mixtures 
thereof, (b) an antioxidant, and (c) a mixture of saturated and unsaturated fatty acids 
wherein the fatty adds are those &tty acids required for the repair of cellular 
membranes and resuscitation of mammalian cells. In a second aspect of 
Embodiment One (LB), die dia:iveutic wound healing cornposition for treating 
mammalian cells, preferably epidermal keratinocytes, comprises (a) pyruvate 
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sdected fi:om the group consisting of pyruvic acid, phannaceutically acceptable salts 
of pyruvic add, and mixtures thereof* (b) lactate selected from the group consisting 
of lactic acid, phaimaceutically acceptable salts of lactic add, and mixtures thereof^ 
and (c) a mixture of saturated and unsaturated fittty adds wherein Ae &tty adds are 
tfiose fatty adds required for die repair of cellular membranes and resusdtation of 
mammalian cells. In a third aspect of l&nbodiment One (LC)» the dierq>etttic 
wound healing coniposition for treating mammalian cells, preferably epidomal 
keratinocytes, comprises (a) an antioxidant and (b) a imxtnre of saturated and 
unsaturated fatty acids wherem die £Kdy adds are diose fitter adds required fyr die 
repair of oeSular memfaranes and resusdtation of mammalian cells. In a fonrdi 
a^ect of Embodiment One (LD), die tfaerqpeutic wound healing composition for 
treating mammalian cells, preferably monocytes, conqirises (a) lactate selected fixxm 
die group consisting of lactic add, phaimaceuticalty accqitable salts of lactic add, 
and mixtures thereof, (b) an antioxidant, and (c) a mixture of saturated and 
unsaturated fatty adds wherein die fatty adds are diose fatty adds required for die 
repair of cellular meoibranes and resusdtation of mammalian cells. 

Pyruvic acid (2-oxopropanoic add,^^Aa-ketopropionic add» 
CH3COCOOH) or pyruvate is a fundamental intermediate in protdn and 
carbohydrate metabolism and in the citric add cycle. The citric add cycle 
(tricarboxylic acid cycle, Kreb's cycle) is the major reaction sequence which 
executes the reduction of oxygen to generate adenosine triphosphate (ATP) by 
oxidizing organic confounds in respiring tissues to provide electrons to the 
transport system. Acetyl co»^me A ("active acetyl") is oxidized in this process 
and is diereafter utilized in a variety of biological processes and is a precursor in 
the biosynthesis of many fatty adds and sterols. The two major sources of acetyl 
coenzyme A are derived from die metabolism of ghicose and fatty adds. 
Glycolysis consists of a series of transformations ^erem each glucose molecule is 
transformed m the cellular cytoplasm into two molecules of pyruvic add. Pyruvic 
acid may dien enter die mitochondria where it is oxidized by coenzyme A in die 
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presence of enzymes and co&ctsxs to acetyl coenzyme A. Acetyl coenzyme A can 
ihea enter die citric acid cycle. 

Jn muscle, pyrovic acid (derived fiom glycogen) can be reduced to lactic 
5 add during anerobic metabolism vrbidi can occur daring exocise. Lactic add is 

reoxidized and partially retransfomied to glycogen during rest Pyruvate can also 
act as an antioxidant to neuttalize cixygea radicals in die cell and can be used in the 
multifunction oxidase system to revetse c}ftotoxidty« 



10 The pyruvate in die present invention may be selected fiom die gioi^ 

consisting of pyruvic add, phamoaceutically accqptable salts of pymvic add, 
prodrugs of pyruvic ac^ and mixtures diereof. In general, the pharmaceuticaOy 
accq)table salts of pyruvic add may be alkali salts and alkaline eailfa salts. 
Freferabfy, the pyravate is sdected irom the group consisting of pyruvic add, 

IS lithium pyruvate, sodium pyruvate, potassium pyruvate, magnesium j^ruvate, 

caldum pymvate, zinc pyruvate, manganese pyruvate, methyl pyruvate, Alpha^ 
ketoglutaric add, and mixtures diereof. More preferably, die pyruvate is sdected 
fiom the group of salts consisting of sodium pyruvate, potassium pyruvate, 
magnesium pyruvate, calcium pymvate, zinc pyruvate, manganese pyruvate, and the 

20 like, and mixtures thereof. Most preferably, the pymvate is sodium pyruvate. 

The amount of pymvate preset in die therapeutic wound healing 
compositions of die present invention is a therapeutically effective amount A 
therapeutically effective amount of pyravate is diat amount of pyravate necessary 

25 for die inventive con4)Osition to prevent and reduce injury to mammalian cells or 

increase the resuscitation rate of injured mammalian cells. The exact amount of 
pyravate is a matter of preference subject to such factors as the type of condition 
being treated as well as the odier ingredients in the composition. In a preferred 
embodiment, pyravate is present in the dierapeutic wound healing conrposition in an 

30 amount fiom about 10% to about 50%, preferably from about 20% to about 45%, 
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and more preferably fiom about 25% to about 40%, by weight of the Aerapeutic 
wound healing cooapositiQn. 

IrLactic add ((S>2-hy diOAy[>rop anoic add, (+) i<jpto-h ydroxypro pionic 
add. CH3CHOHCOOIQ or lactate occurs in small quantities in the blood and 
muscle fluid of mammals. Lactic add concentration increases in muscle and blood 
after vigorous activity. Lactate is a conqionent in the cellular feedback mechanism 
and inhibits the natural respiratory bursting process of cells fliereby suppressmg Ate 
production of oxygen radicals. 

The lactate in die present invention may be selected fixmi die group 
consisting of lactic add» pharmaceutically accq)table salts of lactic acid» prodrugs 
of lactic acid, and mixtures thereof. In general, die pharmaceutically acceptable 
salts of lactic add may be alkali salts and alkaline earth salts. Preferably, the 
lactate is selected fiom the group consisting of lactic acid, lithium lactate, sodium 
lactate, potassium lactate, magnesium lactate, caldum lactate, 2inc lactate, 
manganese lactate, and the like, and mixtures thereof More preferably, the lactate 
is selected from the group consisting of lactic acid, sodium lactate, potassium 
lactate, magnesium lactate, calcium lactate, zinc lactate, manganese lactate, and 
mixtures tiiereof Most preferably, the lactate is lactic acid. 

The amount of lactate present in the tiierapeutic wound healing 
compositions of die present invention is a tiierapeutically eifective amount A 
tiierapeutically effective amount of lactate is tiiat amount of lactate necessary for the 
inventive composition to prevent and reduce injury to mammalian cells or increase 
the resuscitation rate of injured mammalian cells. For an ingestible conoposition, a 
tiierapeutically effective amount of lactate is that amount necessary to suppress the 
respiratory bursting process of white blood cells to protect and resusdtate die 
mammalian cells. In general, a therapeutically effective amount of lactate in an 
ingestible composition is fiom about 5 to about 10 times the amount of lactate 
novmally found in serum. The exact amount of lactate is a matter of preference 
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subject to such factors as the type of condition being treated as well as the odier 
ingredients m the composition* In a prefened embodiment, lactate is present in die 
dieiapeutic wound healing conqsosition in an amount fixm about 10% to about 
50%, preferably fiom about 20% to about 45%, and more prefinably fiom about 
25% to about 40%» by weigiht of die dierqieudc wound healing conqK>sidon. 

AntioTddants are substances which inhibit oxidation or suppress reactions 
promoted by cfxygen or peroxides. Antioxidants, especially lipid-sohible 
antioxidants, can be absoibed into the ceUular membrane to neutralize axygm 
radicals and thereby protect the membrane. The antioxidants useful in die presmt 
invention may be selected fiom die gmxp consisting of all forms of Vitamin A 
(retinol), all forms of Vitamin2 (3, 4-didehydroretinoI), all forms of carotme such 
as jpAa-carotene, j9-caiotme (beta^ jS-carotene), gamma-carotene, deAia-carotene, all 
fimns of Vitamin C (D-asccubic acid, L-ascoibic add), all forms of tocopherol such 
as Vitamin E (^/pAa-tocopherol, 3,4-dihydn>-2,5,7,8-tetramediyl-2-(4,842- 
tiimethyltri-<lecy])-2H-l-benzopyran-6-ol), j8-tocopherol» gamma-tocopherol, delta-- 
tocopherol, tocoquinone, tocotrienol, and Vitamin E esters >^ch readily undergo 
hydrolysis to Vitamin E such as Vitamin E acetate and Vitamin E succinate, and 
pharmaceutically acceptable Vitamin E salts such as Vitamin E phosphate, prodrugs 
of Vitamin A, carotene. Vitamin C, and Vitamin £, pharmaceutically acceptable 
salts of Vitamin A, carotene, Vitamin C, and Vitamin E, and the like, and mixtures 
thereof Preferably, the antioxidant is selected fiom die group of lipid-soluble 
antioxidants consisting of Vitamin A, /-carotene, Vitamin E, Vitamin E acetate, and 
mixtures thereof. More preferably, the antioxidant is Vitamin E or Vitamin E 
acetate. Most preferably, die antioxidant is Vitamin E acetate. 

The amount of antioxidant present in die dierapeutic wound healmg 
coixq)ositions of the present invention is a therapeutically effective amount A 
dierapeutically effective amount of antioxidant is that amount of antioxidant 
necessary fiir the inventive conq)osition to prevent and reduce injury to mammalian 
cells or increase the resuscitation rate of injured mammalian cells. The exact 
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amount of antioxidant is a matter of preference subject to such factors as tfie type 
of condition being treated as well as tte otter ingredients in the composition, bi a 
preferred embodiment, the antioxidant is present in die dierapeutic wound healing 
composition in an amount fiom about 0.1% to about 40%, preferably from about 
0.2% to about 30%, and more pr^aably fiom about 0^% to about 20%, by wdg^it 
of die tiherapeutic wound healing composition. 

The mixture of saturated and unsaturated fitly acids in die present 
invention are diose fetty adds required for die repair of mammalian cellular 
membranes and the production of new cells. Fatty acids are caib(»cylic acid 
compounds found in animal and vegetable fat and oil Fatly adds are classified as 
lipids and are conqiosed of chains of aDcyl groups containmg fiom 4 to 22 carbon 
atoms and 0-3 double bonds and characterized by a tacminal carboxyl group, - 
COOH. Fatty adds may be saturated or unsaturated and may be solid, semisolid, or 
liquid. The most common saturated fatty adds are butyric acid (C^, lauric add 
(^12)' P^^^c acid (C|g), and stearic add (C|g). Unsaturated fatty acids are 
usually derived fiom vegetables and consist of alkyl chains containing fiom 16 to 
22 catbon atoms and 0-3 double bonds widi the characteristic terminal carboxyl 
group. The most common unsaturated fatty acids are oleic acid, linoldc acid, and 
linolenic add (all Cjg acids). 

In general, the mixture of saturated and unsaturated fatty adds required 
for die repair of mammalian cellular membranes in the present invention may be 
derived fiom animal and vegetable fats and waxes, prodrugs of saturated and 
unsaturated fatty acids useful in the present invention, and mixtures thereof For 
exan^le, die fatty acids in die therapeutic wound healing composition may be in die 
form of mono-, di-, or trigylcerides, or fiee fatty acids, or mbctures flioreof, whidi 
are readily available for die repair of injured cells. Cdls produce die chonical 
components and die energy required for cellular viability and store excess energy in 
the form of fot. Fat is adipose tissue stored between organs of die body to furnish a 
reserve supply of energy. The preferred annual fats and waxes have a fidty add 
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coniposition similar to that f human fat and the £Eit contained in human breast 
miOc The preferred animal fats and waxes may be selected fiom the gnnip 
oonsiMUig of human fat» chicken mt, cow iat (defined herein as a bovine domestic 
animal regardless of sex or age), sheep fat, horse fat, pig fat, and ^^fbah fat The 
mote prefeired animal &ts and waxes may be selected fiom the groiq> consisting of 
human &t and chicken fat The most pruned animal fit is human ftt Mixtures 
of other fits and waxes, such as vegetable waxes (especially sunfbwer oil), marme 
oils (especially shade liver oil), and syndietic waxes and oils, vMdh have a &t^ 
acid compositim similar to that of animal fats and waxes, and preferably to tiiat of 
human &ts and waxes, may also be employed. 

in a prefeired embodiment, the mixture of saturated and unsaturated btty 
acids has a composition similar to Aat of human fat and con^xrises the following 
fatty acids: butyric acid, caproic add, caprylic acid, capric acid, lauric acid, myrisdc 
add, myiistoldc add, palmitic add, palmitoleic add, stearic, oldc add, linoldc 
acid, linolenic acid, arachidic acid, and gadoldc add. Preferably, butyric add, 
C£^ioic acid, captylic acid, capric acid, lauric add, nryristic acid, myristoldc acid, 
palmitic acid, palmitoleic add, stearic, oleic acid, linoldc acid, linolenic acid, 
arachidic acid, and gadoldc add are present in die naixture in about the following 
percentages by weight, respectively (caibon chain number and number of 
unsaturations are shown parenflietically, respectively): 0,2%-0.4% (C4), 0.1% (Cg), 
0.3%-0.8% (Cg), 22%-3.5% (Cjo), 0.9%-5.5% (C12X 2.8%-8.5% (C14), 0.1%. 
0.6% (Ci4.j), 23.2%.24.6% (Cjg), L8%.3.0% (Cig.j), 6.9%-9,9% (Cjg), 36.0%. 
36.5% (Cig.i), 20%-20.6% (Cig-j), 7.5-7.8% (Cig.3), 1.1%^.9% (Cjq). and 
33%-6.4% (C20:i). 

Jn another preferred embodiment, the mixture of saturated and unsaturated 
faOy adds is typically chicken fat comprising die following &tty adds: lauric add, 
myrisdc add, myristoldc add, pentadecanoic acid, palmitic acid, pahnitoldc acid, 
maigaric add, margaroleic add, stearic, oldc acid, linoldc add, linolenic add, 
arachidic acid, and gadoldc add. Preferably, lauric acid, myristic acid, myristoldc 
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acid, pentadecanoic acid, palmitic acid, palmitoleic acid, maigaric acid, xnazgaioleic 
add, stearic, oleic acid, linoleic acid, linolenic acid, aiachidic acid, and gadoleic 
acid aie present m the mixtme in about the following percentages by weight, 
respectively: 0.1% (C12). 0.8% (C14), 02% (C14.1), 0,1% (Cjj), 253% (Ci^, 
72% (Cig^i). 0.1% (C17). 0.1% (C17.J), 6.5% (Cjg), 37.7% (Cig.j). 20.6% 
(^18:2)'^-^^ (^18:3)* (^0)' (^0:l)' ^ percentages +/- 10%. 

In another preferred anbodiment, &e nnxture of saturated and unsaturated 
&tty acids conqmses ledlfain. Lecithin (pho^hatidylcholine) is a phosphatide 
found in all living oiganisms (plants and animals) and is a significant constituent of 
nervous tissue and brain substance. Ledtfain is a mbcture of die digtycerides of 
stearic, palmitic, and oldc adds, linked to the dioline ester of phoq)horic add. The 
product of commerce is predcmmiantly soybean ledthin obtained as a by-product m 
the manufacturing of soybean oil. Soybean leddiin contains pahnitic add 1 1.7%, 
stearic 4.0%, pahnitoldc 8.6%, oldc 9.8%, Unoldc 55.0%, linolenic 4.0%, to 

acids (includes arachidonic) 5 J%. Lecidiin may be represented by the 
fbnnula: 

CH2OCOR 
I 

CHOCOR 
I 

CH20-P(0)2-OCH2CH2N^(CH3)3 

wherein R is selected from the group consistmg of stearic, palmitic, and oleic add. 

The above fatty adds and percentages Himof present in the fatty acid 
mixture are given as an example. The exact type of &tty acid present in tfie fatty 
acid mixture and die exact amount of fatty add en^loyed in die fatty acid mbcture 
may be varied in order to obtain die result desired in die final product and such 
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variations are now within the capabilities of those skilled in the ait without the need 
for undue experimoitation. 

The amount of fat^ acids present in the flierapeutic wound healing 
compositions of the present invention is a tiierapeutically diective anoonnt A 
tfaoapeutically efifective amount of fatty adds is tiiat amount of fiitty acids 
necessary for the inventive oon^osition to prevmt and reduce injury to mamnialian 
cells or increase the resuscitation rate of injured mammalian cells. The exact 
amount of &tty adds enq>loyed is subject to such fictors as die type and 
distribution of fatty adds en^loyed in die mixture, the type of condition being 
treated, and die odier ingredients in the con[qx>sition. hi a preferred embodiment, 
die fatty adds are present in die dimpeutic wound healing conqK>sition in an 
amount fixnn about 10% to about 50%, preferably from about 20% to about 45%, 
and more preferably fiom about 25% to about 40%, by weight of die dioapeutic 
wound healing composition. 

In accord with the present invention, the dierapeutic wound healing 
compositions of Embodiment One (LA-D) for treating mammalian cells may be 
selected fiom the group consisting of. 

(LA)(a) pyruvate selected fix>m the group consisting of pyruvic add, 
pharmaceutically acceptable salts of pymvic add, and mixtures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty acids wherein the fatty 
acids are those ^tty adds required for the repair of cellular membranes and 
resusdtation of mammalian cells; 

(I.B)(a) pymvate selected fiom the group consisting of pyruvic acid, 
pharmaceutically acceptable salts of pymvic add, and mixtures thereof; 

(b) lactate selected from die group consisting of lactic acid, 
pharmaceutically acceptable salts of lactic acid, and mixtures thereof; and 
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(c) a mixture of satoxated and unsaturated fatty adds wherein tiie fatty 
acids ate those fatty acids required for tiie repair of cellular membranes and 



of mammaiian ceils; 



(LC) (a) an antioxidant; and 

(b) a mixture of saturated and unsaturated &tty acids herein 
die fatty acids are those fktty acids required for die repair of celhilar membranes 
and resuscitation of mammalian cells; 



(LD) (a) lactate selected from die group consisting of lactic add, 
phannaceutically acceptable salts of lactic add, and mixtures diereof; 
(b) an antioxidant and 

15 (c) a mixture of saturated and unsaturated fatty adds wherein 

the fatty acids are diose fatty adds required for the repair of cellular membranes 
and resusdtation of mammalian cells. 

Preferably, the wound healing compositions of Embodiment One (Q 
20 for treating mammalian cells, preferably epidermal keratinpcytes, may be selected 

fiom the group consisting of: 

(LA) (a) pyruvate selected fiom the group consisting of pyruvic 
add, pbarmaoeutically acceptable salts of pyruvic acid, and mixtures diereof; 
25 (b) an antioxidant; and 

(c) a mfacture of saturated and unsaturated &tty adds 
wheidn the fatty adds are those fatty adds required for the repair of cellular 
membranes and resusdtation of mammalian cells; 



30 



(LB) (a) pyravate selected fiom the group consisting of pyruvic 
acid, pharmaceutically acceptable salts of pymvic acid, and rmxtures diereof; 
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(b) lactate selected fiom die group consisting of lactic acid, 
phaimaceutically acceptable salts of lactic acid, and mixtures thereof; and 

(c) a mixture of saturated and unsaturated &tty acids 
wherein the fatty adds are those &tiy acids lequiied for the repair of ceUuIar 

5 menibranes and resuscitation of mammaKan ceDs; and 

(LQ (a) an anttcmdant; and 

(b) a niixtare of saturated and unsaturated &t^ adds 
wfaoein &6 fatty adds are those fatty ackis required for the xepak of cellular 
10 membranes and resusdtation of mammalian cells. 

More preferably, the wound healing compositions of Embodiment 
One CD foi* treatmg mammalian cdls» preferably epidermal keratinocytes, may be 
selected finom the group ccmsisting of: 

15 

(LA) (a) pyruvate selected fiom the group consisting of pyruvic 
acid» phaimaceutically acceptable salts of pyruvic add, and mixtures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated &tty adds 
20 wherein the £itty adds are those fatty adds required for the repair of cellular 

menibranes and resuscitation of mammalian cells; and 

(LQ (a) an antioxidant; and 

(b) a mixture of saturated and unsaturated fatty adds 
25 ^erem the fatty adds are those fatty adds required for the repair of ceUular 

membranes and resuscitation of mammalian cells. 

More preferably, the wound healing conq)ositions of Erhbodimmt 
One 00 ^ treating mammalian cells, prefisrably qiidemoal keratinocytes, may be 
30 sdected fix)m tiie gmsp consisting o£ 
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(LA) (a) pyruvate selected fiom die group consistmg f pyiuvic 
addt pfaannaceutically acceptable salts f pyruvic acid» and mixtures thereof; 

(b) aii antioxidant; and 

(c) a mixture of saturated and unsaturated £it^ acids 
herein the fatty adds are ttose fiit^ adds required for the repair of cdhilar 
menibianes and resusdtation of mammalian cdls; and 

(LB) (a) pyruvate sdected fixim die group consistmg of pyruvic 
add, pharmaceutically acceptable salts of pymvic add, and mixtures thereof 

(b) lactate selected fiom the group consisting of lactic add, 
phannaceutically acceptable salts of lactic add, and mixtures dieieo^ and 

(c) a mixture of saturated and unsaturated fatly adds 
wherein die &tty adds are diose fatly adds required for die repair of cdhilar 
membranes and resuscitation of mammalian cells. 

Most preferably, die wound healing coinpositions of Embodiment 
One (I) for treating mammalian cells, preferably epidermal keratinocytes, comprise: 

(LA) (a) pyruvate selected fiom die group consisting of pyruvic 
add, pharmaceutically acceptable salts of pyruvic add, and mixturBs diereof, 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty acids 
wherein die fatty acids are diose fatty acids required for die repair of cellular 
membranes and resusdtation of mammalian cells. 

Most preferably, die wound healing ccmq)ositions of Embodiment 
One Q) for treating mammaUan cells, preferably monocjrtes, conqxrise: 



(LD) (a) lactate selected fiom die group consisting of lactic add, 
pharmaceutically acceptable salts of lactic add, and mixtures diereof; 
(b) an antioxidant; and 
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(c) a mixture of saturated and unsaturated fatty acids 
wherein the iatty acids aie those fiitty acids required for the repair of cellular 
menibranes and resuscitation of mammalian cells. 

Throughout tfiis disclosure, qiplicant Will suggest various tfieories or 
mechanisms by tniiich applicant believes tihe con^onrnts in die flieRq)eutic wound 
healing conqmsitions and the antiviral agrat function together in an unexpected 
flynogistic manner to prevent and reduce injuiy to mammalian cells, increase Ae 
resusdtaticm rate of injured mammalian cells, and reduce viral titm. While 
applicant may offer various mechanisms to explain flie present invention, applicant 
does not wish to be bound by Aeoiy. These tfieories are suggested to better 
understand the present invention but are not intended to limit die effective scope of 
the claims. 

In die first aspect of Embodiment One (LA), applicant believes diat 
pyravate can be transported inside a cell where it can act as an antioxidant to 
neutralize oxygen radicals in the cell. Pyravate can also be used inside the cell in 
tiie citric acid cycle to provide energy to increase cellular viability, and as a 
precursor in the synthesis of inq)ortant biomolecules to promote cellular 
proliferation. Jn addition, pyravate can be used in the multiftmction oxidase system 
to reverse cytotoxicity. Antioxidants, especially lipid-^soluble antioxidants, can be 
absorbed into die cell membrane to neutralize oxygen radicals and diereby protect 
the membrane. The saturated and unsaturated &tty acids in die present invention 
are those fatty acids required for die resuscitation of mammalian cells and are 
readily available for the repair of injured cells and die proliferation of new cells. 
Cells injured by oxygen radicals need to produce unsaturated &tty acids to repair 
cellular membranes. However, the production of unsaturated fatty acids by cells 
requires oxygen. Thus, die injured cell needs higji levels of oxygen to produce 
unsaturated fiitty acids and at the same time needs to reduce die level of oxygen 
widiin die cell to reduce oxidative injuiy. By providing the cell widi die 
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imsatorated fatty acids needed for repair, die need of the cell for imsaturated fatty 
acids is reduced and the need for high oxygen levels is also reduced. 

The combination of pyruvate inside the cell and an antioxidant in tiie 
cdhilar membrane functions in an unesqpected syneigistic manner to reduce 
hydrogen peroxide production in die cdl to levels tower dian can be achieved by 
use of either type of con^Kment alone. Hie presence of mixtures of saturated and 
unsaturated &t^ adds in die dierapeutic wound healing coniposition significandy 
enhances the ability of pyruvate and die antioxidant to inhibit reactive oxygen 
production. By stabflizing die cellular membrane^ unsaturated fttty adds also 
inqnove membrane function and enhance pyrovate transport into the cdL Hence, 
die three conoponents in die dierapeutic wound healing conq)osition of the first 
aspect of &nbodiment One (LA) function together in an une^qsected synergistic 
marnia- to prevent and reduce injury to mammalian cells and increase die 
resuscitation rate of injured mammalian cells. 

In the second aspect of Embodiment One (13), lactate is employed 
instead of an antioxidant Antioxidants react with, and neutralize, oxygen radicals 
after the radicals are already formed. Lactate, on die odier hand, is a component in 
the cellular feedback mechanism and inhibits the respiratory bursting process to 
suppress the production of active oxygen species. The combination of pymvate to 
neutralize active oxygen species and lactate to siq>press the respiratory bursting 
process functions in a synergistic manner to reduce hydrogen peroxide production in 
the cell to levels lower than can be achieved by use of either type of coixq)onent 
alone. The presence of mixtures of saturated and unsaturated fatty adds in die 
therapeutic wound healing con^sition significantly enhances the ability of pymvate 
and lactate to inhibit reactive oxygen production. Hence, die diree components in 
die therapeutic wound healing con^osition in the second aspect of ^bodimmt 
One (13) function togedier in a synergistic manner to protect and resusdtate 
mammalian cells. 
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In die third aspect of Embodiment One ^C), die presence of 
mixtures of saturated and unsaturated &tty acids in the dieiapeutic wound healing 
oon^osition in this enibodiment significantly enhances fte ability of the antioxidant 
to inhibit reactive mygm production. The combination of an antbxidant to 

5 neutralize active axygcn species and iaSy adds to rebuild cettolar menibranes and 

reduce die need of the cell for oxygen functions in a synergistic manner to reduce 
hydrogen peroxide production in die cell to levels lower dian can be achieved by 
ddier type of conqionait alone. Hence, die ccmqionents in die therapeutic wound 
healing composition in die diird aspect of Enibodiment One (LQ functum togedier 

10 in a syneigistic manner to protect and resuscitate mammalian cells. 



Jn die fiyurdi aspect of Embodiment One CLD)» lactate is employed 
because the restpiratoiy bursting process is more pronounced in moaocytds dian in 
epidermal k«ratinoc3rtes. The combination of lactate to suppress die reapiratory 

IS bursting process and an antioxidant to neutralize active oxygen q>ede8 functioiis in 

a syneigistic manner to reduce hydrogen peroxide production in the cell to levels 
lower dian can be achieved by either coixq)onent alone. The presence of mixtures 
of saturated and unsaturated fatty adds in die therapeutic wound healing 
con^osition in this embodiment significandy enhances die ability of lactate and the 

20 antioxidant to inhibit reactive oxygen production. Hence, die diree components in 

the therapeutic wound healing composition in die fourdi aspect of Embodiment One 
(LD) function together in an unexpected syneigistic manner to protect and 
resusdtate mammalian cells. 



25 Accordingly, the combination of ingredients set out in die above 

embodiments functions togedier in an enhanced maimer to prevent and reduce injury 
to mammalian cells and increase the resuscitation rate of injured mammalian cells. 
The dierapeutic effect of the combination of the components in each of the above 
embodiments is markedly greater dian diat ejqiected by die mm addition of the 

30 individual therapeutic components. Hence, iqiplicanf s dierqieutic wound healing 

conqiositions for treating mammalian cells have die ability to decrease intmcellular 
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levels of hydrogen peroxide production, increase cellular resistance to cytotoxic 
agents, increase rates f cellular proliferation, and increase cellular viability. 



B. Metliod» For Making 
The Therapentic Wound Healing Compositions 
Qf Embodiment One ^-D) 

The pres«t invention extends to ntiediods fiir making the dierapeutfe 
wound healing cooipositicnis of Embodiment One (LA-D). In general, a dien^eutic 
wound healing c(mqK>sition is made by forming an admixture of die con^onents of 
die ccmxposition. In a first asp^ of Embodiment One (LA), a therapeutic wound 
healing coDq)osition is made by forming an admixtare of (a) pyruvate selected fiom 
the group consisting of pymvic acid, phaimaceutically acceptable salts of pymvic 
add, and mixtures thereof, (b) an antioxidant, and (c) a mixture of saturated and 
unsaturated fatty acids wherein the fatty acids are those fatty acids required for die 
repair of cellular membranes and resuscitation of maimnalian cells. In a second 
aspect of Embodiment One (I.B), a therapeutic wound healing composition is made 
by forming an admixture of (a) pyruvate selected from die group consisting of 
pymvic acid, pharmaceutically acceptable salts of pymvic acid, and mixtures 
thereof, (b) lactate selected from the group consisting of lactic acid, 
pharmaceutically acceptable salts of lactic acid, and mixtures diereof, and (c) a 
mixture of saturated and unsaturated fatty acids wherein the fatty acids are those 
fatty acids required for the repair of cellular membranes and resuscitation of 
mammalian cells. In a third aspect of Embodiment One (I.C), a therapeutic wound 
healing composition is made by forming an admixture of (a) an antioxidant and (b) 
a mixture of saturated and unsaturated &tty acids wherein die fatty acids are those 
&tty adds reqwred for the rqsair of celhdar membranes and resusdtation of 
mammalian cells, hi a fourth aspect of Eihbodiment One (LD), a dierapeutic 
wound healing composition is made by formmg an admixture of (a) lactate selected 
fiom the group consisting of lactic add, pharmaceutically acceptable salts of lactic 
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add, and mixtures thereof, (b) an antioxidant, and (c) a mixture of saturated and 
unsaturated &tty acids wherein die fsMy adds are those fMy adds required for the 
repair of cellular membranes and resusdtation of mammalian cells. 

For some applications, Ae admixture may be formed in a solvent 
such as water, and a surfactant xnsy be added if required, necessary, &e pH of 
Ae solvent is acy'usted to a range from about 33 to about 8.0, and preferably fiom 
about 4.5 to about 7.S, and more preferably about 6.0 to about 7.4. The admixture 
is then sterile iQtered. Oflier ingredients may also be incorporated into die 
dieiq>eutic wound healing conqiosition as dictated by the nature of die desired 
couqiosition as well known by diose having ordinary skill in the art The ultimate 
dierapeutic wound healing conq)ositions are readily prepared using methods 
generally known in die phannaceudcal arts. 

In a preferred embodiment, die invention is directed to a method for 
preparing a therapeutic wound healing conq>osition (lA) for preventing and 
redudng injury to mammalian cells, and increasing die resusdtation rate of injured 
mammalian cells, which con^rises the stq>s of admixing the foUowing ingredients: 

(a) pyruvate selected firom the group consisting of pymvic add, 
phamoaceutically accq)table salts of pymvic acid, and mixtures thereof; 

(b) an antioxidant and 

(c) a mixture of saturated and unsaturated fatty acids wherein the 
fatty adds are diose fatty adds required for die resusdtation of injured mammaKan 
cells. 
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C Mefliods For Employing 
The Therapeutic Wound Healing Composittons 
Of EmlMNUment One (LA-D) 

The present invention extends to methods for enq>loying tiie 
Aerapeiitic wound healmg compositions of EnibodhD»t One (J) in vtw and 
in vitro. In general, a dierapeutic wound healing oonposition is oqyloyed hy 
contacting flie therapeutic conqx>sition with mammalian cells. 

hi a first aspect of &nbodimmt One fte invention is directed 
to a method for prevmting and reducing injmy to mammalian ceUs, and increasing 
the resuscitation rate of injured mammalian cells, which comprises the steps of (A) 
providing a therapeutic wound healing coiiq}osition which coniprises (a) pymvate 
selected from the group consisting of pyruvic acid, phanmceuticaUy acceptable salts 
of pymvic acid, and mixtures thereof, (b) an antioxidant, and (c) a mixture of 
saturated and unsaturated fotty acids wherein &e fatty acids are those fatty acids 
required for the resuscitation of injured mammalian cells, and (B) contacting the 
therapeutic wound healing composition with the mammalian cells. 

In a second aspect of Embodiment One (I.B), tihe invention is 
directed to a method for preventing and reducing injury to mammalian cells, and 
increasing the resuscitation rate of injured mammalian cells, which comprises tiie 
steps of (A) providing a tterapeutic wound healing composition which conqirises 
(a) pymvate selected firom the group consisting of pymvic acid, phaimaceudcally 
accq>table salts of pyruvic acid, and mixtures diereof, (b) lactate selected fiom the 
group consisting of lactic acid, phaimaceutically acceptable salts of lactic acid, and 
nuxtures Aereof, and (c) a mbcture of saturated and unsaturated fMy acids ix^erem 
tfie fatty acids are those &tly adds required for ttie resuscitation of injured 
mammalian cells, and (B) contacting the tiierapeutic wound healing con9)osition 
witii tiie mammalian cells. 



W 96/37228 



PCT/DS9d/05897 



. 34 - 

Jn a ibitd aspect f Embodiment One (I.CX the invention is directed 
to a mediod for preventing and reducing injury to mammalian cdls, and increasing 
tbe TssuSvitatiGn rate of iujursd ■naTnniaiiari cclisy which conqjrises the steps of (A) 
providing a dierapeutic wound healing conqK)sition which comprises (a) an 
antiondant, and (b) a mixture of saturated and unsaturated fatty acids wfamin the 
&tty adds are those &tty acids required for die resuscitation of injured numrnmHan 
cells, and (B) contacting die dierapeutic wound healing composition widi the 
mammaKan cells. 

in a fourdi aspect of Enibodiment One ^D), die invention is directed 
to a xnediod for preventing and reducing injury to mammalian cells* and increasing 
die resuscitation rate of injured mammalian cdls, which conqirises die stqis of (A) 
providing a fbers^eutic wound healing ooooposition which con^nises (a) lactate 
selected &om die group consisting of lactic acid, pharmaceutically acceptable salts 
of lactic add, and mixtures diereof, (b) an antioxidant, and (c) a mixture of 
saturated and unsaturated iatty adds wherein die &tty adds are diose iat^ adds 
required for the resuscitation of injured mammalian cells, and (B) contacting die 
therapeutic wound healing coixqxisiticm widi the mammalian cells. 

In a preferred embodiment, die invention is directed to a mediod for 
healing a wound in a mammal which conprises die steps of: 

(A) providing a dierapeutic wound healing composition (I A) which 
conqmses: 

(a) pyruvate selected finom die group consisting of pyruvic add, 
pharmaceutically acceptable salts of pyruvic add, and mixtures diereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty acids wherein die 
fatty adds are those fotty acids required for die resusdtation of injured mammalian 
cells; and 

(B) contacting the therapeutic wound healing composition widi die wound. 
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The types of wounds ^^ch may be healed using the wound healing 
con^ositions of Embodiment One QJi-D) of the present invention are Aose v/inch 
Tesult fiouA au iujiiiy which causes epidemiiai damage such as incisicms, wounds in 
which &e skin is brokm by a cutting instrument, and lacerations, wounds in "winch 
Ae skin is broken by a dull or bhmt mstnmimL The dierapeutic conqiositims may 
also be used to treat various denmtological disorders such as hypokeratosis, photo- 
aging, bums, dimor site wounds &om skin transplants, ulcers (cutaneous, decubitus, 
venous stasis, and diabetic), psoriasis, skin rashes, and sunburn photoreactive 
processes. The tx^pical fterq)eutic conq[xisitions may also be used orally in die 
fom of a moudi wash or spray to protect and accelerate the healing of injured oral 
tissue such as moudi smes and bums. The topical therapeutic compositions may 
further be used in ophtiialmological prqiarations to treat wounds such as diose 
which result fiom corneal ulcers, radialkeratotomy, corneal transplants. 
q[iikeralophakia and other surgically induced wounds in Hic eye. The topical 
tiierapeutic compositions may in addition be used in anorectal creams and 
suppositories to treat such conditions as pruritus and, proctitis, anal fissures, and 
hemonfaoids. In a preferred embodiment, the therapeutic compositions are used to 
treat wounds such as incisions and lacerations. 

The wound healing conq)ositions of Embodiment One (I A-D) of the 
present invention may be utilized in topical products, ingestible products, and tissue 
culture medium to protect mammalian cells and increase the resuscitation rate of 
injured mammalian cells. For example, the therapeutic wound healing compositions 
may be used in topical skin care products to protect and increase the resuscitation 
rate of skin tissue such as in the treatment of various dermatological disorders such 
as hyperkeratosis, photo-aging, and sunburn photCHeactive processes. Injury to skin 
can occur for a variety of reasons. Injury often occurs to individuals who wash 
their hands often, to individuals who are o^sed to stressful environmental 
conditions (overexposure to sun or chemicals), or to the elderiy or individuals witii 
an underlining disease. The addition of the wound healing conq[x>sitions of ttie 
present invention to a lotion provides a source of antioxidants to the skin which 
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would protect the skin fiom the hannfiil efiects of UV li^t» chemicals, and severe 
diying. The wound healing compositions can be used for die following indications: 
a) Moistsiiizsng and protecting; b) Healing dry ciackeu skin; c) Troanng iiriiated 
skin such as diaper rash; d) Healing severe diy skin due to odier diseases (venous 
dermatitis); e) Treating psoriasis and odier hypeiproliferative diseases; f) Protecting 
skin fiom UV light damage (antioxidant skin rq>lacement); g) Treating sebonfaeic 
conditions; and h) Treating shaving wounds in an aft^ shave lotion. 

The topical Ifaerapeutic wound healing compositions may also be used 
asaSfy in tiie form of a mouth wash or spray to protect and accelerate tiie healing of 
injured aal tissue sudi as moutii sores and bums. The topical tiier^rautic wound 
healing compositions may further be used in ophlhalmological preparaticms such as 
ejre care products to neutralize hydrogen permdde used in Ae cleaning of contact 
lenses. The topical therapeutic wound healing conapositions may in addition be 
used in anorectal creams and 8iq)positories to treat sudi conditions as innritus ani, 
proctitis, anal fissures, and hemonhoids. Initially as white blood cells enter a 
wound site, the cells release oxygen radicals, depleting die antioxidants at die 
wound site, tiius iixqiairing the healing process. Incoiporating the wound healing 
conqiositions of die present invention into a wound healing formulation would 
fiicilitate healing by providing die site witii usable antioxidants, and a source of 
&tty acids needed fiir membrane rqiair. The wound healing compositions can be 
used for die foUowmg indications: a) Healing of cuts and scrapes; b) Bums (heals 
bums with less scaring and scabbing); c) Decubitus ulcers; d) Bed sores, pressure 
ulcers; e) Fissures, Hemorrhoids; f) Use in combination widi immunostimulators 
(simulated healing in healing deficient people); g) Post surgical wounds; h) 
Bandages; i) Diabetic iilcers; j) Venous ulceration; and k) Use in combination widi 
wound cleansing agents. 

The therapeutic wound healing conapositions may also be used in 
ingestible products to protect and increase die resuscitation rate of erosions, stomach 
ulcers, and hemorrhages in die gastric mucosa. Odier ingestible therapeutic 
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products inchide: stroke medications; autoinnmme disease medications; arthritis 
medications; ulcer medications; cancer medications (cytotoxic agents); heart 
medication to imnmye Tegional ventriculsr function and restare uoiujal heafi rate 
and pressure functions; hmg medication to repair injured tissue; liver medication to 
5 suppress Upogenesis of alcoholic origin and prevent hepatic steatosis; kidney 

medication to suppress urinary calculi Qddney stones); detoxificaticm medicaticm to 
antagonize heavy metal poisoning, cyanide poisoning, sodium sulfide poisoning, 
oAer types of poisoning. ; and reduce and neutrali25e the production of oxygen 
radicals vAiich produces injmy to tissue, to protect and further enhance die 
10 resuscitation rate of die injured mammalian cells. The dierapeutic wound healing 

conqiositions may be used in ingestible products to treat inflammatoiy diseases such 
as hepatitis, gastritis, colitis, esophagitis, artiuitis, and pancreatitis. 

The therapeutic wound healing conqx)sitions of die present inventicm 
IS may also be used in tissue culture media and oigan transplant media to prevent and 

reduce injury to mammalian cells and increase the resuscitation rate of injured 
m a mm a li an cells. Tissue cultures and transplant organs encounter reactive o^^gen 
species gmerated in die culture media by the injured cells. Organs particularly 
suscqitible to oxidative damage during transport and transplantation due to 
20 rqierfusion injury following ischemia are corneas, livers, hearts, and kidneys. The 

dierapeutic wound healing coiiq>ositions may be useful to abrogate reperfusion 
injury to such transplant organs. 



hi a specific embodiment, die invention is directed to a mediod for 
25 preserving mammalian cells in a culture medium winch comprises die steps of: 

(A) providing a therapeutic wound healing conqiosition selected from the 
groiQ) of consisting of. 



30 



(LA) (a) pymvate selected from the group consisting of pyrovic acid, 
phannaceuticaily acceptable salts of pymvic acid, and mixtures diereof; 
(b) an antioxidant and 
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(c) amixture of saturated and unsaturated &tty acids wherein the 
fatty acids are those fatty acids required for die repair of cellular membranes and 

IcSiiSwitmAOii ui rTiwrnmrt iinri muSl 

(LB) (a) pyruvate selected from the group ccinsisting of pyruvic add, 
pharmaceutically acceptable sahs of pymvic acid, and mixtures diereof; 

(b) lactate selected from the group consisting of lactic add, 
pharmaceutically acceptable salts of lacdc acid, and mixtures dimof; and 

(c) amixture of saturated and unsaturated fatty adds ^erem die 
fiuty adds are diose fatty adds required tofc die rqiair of cellular membranes and 
resusdtation of mammalian cells; 

(LQ (a) an antioxidant and 

(b) amixture of saturated and unsaturated fatty adds wherein die 
&tty adds are fliose fatty adds required for die rqiair of cellular mmibranes and 
resusdtation of mammalian cells; 

(LD) (a) lactate selected from die group consistmg of lactic add, 
pharmaceutically acceptable salts of lactic add, and mixtures diereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty adds wherein the 
&tty adds are those fatty adds required for die rqiair of cellular membranes and 
resuscitation of mammalian cells; and 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty adds wherein the 
fatty acids are diose fatty acids required for die resuscitation of injured mammalian 
cells; 

(B) providing mammalian cells in a culture medium; and 

(C) contacting die therapeutic wound healing conq)osition from stq> (A) widi 
die mammalian cells in the culture medium from step (B). 
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MM. ruruiuutuuus %Ji 

The Therapeotic Wound HeaBng Compositions 
Of Embodiment One (LA-D) 

Once prepared, the invrntive dierapeatic wound healing compositions 
of Embodiment One (lA-D) may be stored for future use or may be finmulated in 
effective amounts witii pharmaceutically accq>table carriers to prepare a wide variety 
of pharmaceutical conqxraitions. Exao^les of pharmaceutically acceptable carriers are 
pharmaceutical appliances, topical vehicles (non-oral and oral), and ingestible vehicles. 

Examples of pharmaceutical appliances are sutures, stiq)les, gauze, 
bandages, bum dressings, artificial ddns, liposome or micell formulations, 
micEOcapsules, aqueous vehicles for soaking gauze dressings, and die like, and mixtures 
thereof. Non-oral topical compositions employ non-oral topical vehicles, such as 
creams, gels formulations, foams, ointments and spmys, salves, and fihns, which are 
int»ded to be applied to die ddn or body cavity and are not intended to be taken by 
moutii. Oral topical conq)ositions onploy oral vehicles, such as mouthwashes, rinses, 
oral sprays, suspensions, and dratal gels, which are intended to be taken by mouth but 
are not intended to be ingested. Ingestible compositions en^loy ingestible or partly 
ingestible vehicles such as confectionery bulking agents which include hard and soft 
confectionery such as lozenges, tablets, toffees, nougats, suspensions, chewy candies, 
and chewing gums. 

In one form of the invention, the therapeutic wound healing conq>osition 
is incorporated into a pharmaceutical appliance which may be in the form of sutures, 
staples, gauze, bandages, bum dressings, artificial skins, liposome or micell 
formulations, microcapsules, aqueous vehicles for soaking gauze dressings, and the 
like, and mbctures thereof A variety of traditional ingredients may optionally be 
included in the pharmaceutical composition in effective amounts such as buffers, 
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preservatives, tonicity adjusting agents, antioxidants, polymers for adjusting viscosity 
or for use as extenders, and excipients, and the like. Specific illustrative exan[q)les of 
such traditioaa] in^cdicnts include acetate and borate buffers; ihimerosal, soibic acid, 
mediyl and propyl paiaben and chloiobtttanol preservatives; sodium chloride and sugars 
to adjust the tonicity; and excipients such as mannitol, lactose and sucrose. Other 
convationai pharmaceutical additive known to diose having ordinary skill in die 
pharmaceutical arts may also be used in tfie pharmaceutical composition. 

In accordance widi this invention, tfieFq)eutically effective amounts of 
the therapeutic wound healing compositiQns of die present invention may be enqsloyed 
in Ae pharmaceutical appliance. These amounts are readily detemuned by those 
skiUied in die art wiAout die need for undue expeiimentatira^ The exact amount of die 
tfaen^eutic wound healing cooiposition enqiloyed is subject to such fiictors as the type 
and ccmcentratbn of die dierapentic wound healing con^sition and die type of 
pharmaceutical appliance emptoyed. Thus, the amount of dios^eutic wound healing 
composition may be varied in mder to obtain the result desired in die final product and 
such variaticms are widiin die capabilities of diose skilled in die art widiout die need 
for undue egq)erimentation. In a pr e fia red embodiment, die pharmaceutical composition 
will conqirise die therapeutic wound healing composition in an amount fiom about 
0.1% to about S%, by weight of the pharmaceutical composition, hi a more preferred 
embodimmt, the phamnaceutical ccnoposition wQl con^se die therapeutic wound 
healing composition in an amount from about 0.1% to about 3%, by weight of the 
pharmaceutical con^osition. In a most preferred embodiment, the pharmaceutical 
con^sition will conqirise the dierapeutic wound healing composition in an amount 
fiom about 0.1% to about 1%, by weight of die pharmaceutical composition. 

The present invention extends to mediods for making the pharmaceutical 
con9)ositions. In general, a pharmaceutical coiiiposition is made by contacting a 
dierapeutically effective amount of a therapeutic wound healing composition with a 
pharmaceutical appliance and the odier ingredients of die fmal desired pharmaceutical 
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coiiq)osition. The Aerapeutic wound healing composition may be in a solvent and may 
be absorbed onto a phannaceutical appliance. 

Odier ingredients will usually be incorporated into the con9)o$hion as 
dictated by the nature of tfie desired composition as well known by those having 
ordinary ASl in the art The ultimate pharmaceutical conq>osition8 are readily 
prqiared using methods generally known in the phaimaceatical arts. 

In anoAer fimn of die invention, die fliei:^eutic wound healing 
oonqjosition is incorporated into a non-cnal topical vehicle wfaidi may be in die fbmi 
of a cream, gel, foam, ointment, spray, and die like. Typical non-toxic non-oral tx^ical 
vdiicles known in die pharmaceutical arts may be used in the present invention. The 
preferred non-oral topical vehicles are water and pharmaceutically acceptable waler- 
misdble oiganic solvents such as ediyl alcohol, isopropyl alcohol, propylene glycol, 
glycerin, and the hke, and mixtures of diese solvents. Water-dcohol mixtures are 
particularly preferred and are general^ en^loyed in a weight ratio fiom about 1:1 to 
about 20:1, preferably fiom about 3:1 to about 20:1, and most preferably ftom about 
3:1 to about 10:1, respectively. 

The non-oral topical therapeutic wound healing corripositions may also 
contain conventional additives employed in those products. Conventional additives 
include humectants, emollients, hibricants, stabilizers, dyes, and perfumes, providing 
the additives do not interfere with the dierapeutic properties of die dierapeutic wound 
healing composition. 

Suitable humectants useful in the non-oral topical therapeutic wound 
healing conq)ositions include glycerin, propylene glycol, polyediylene glycol, sorbitan, 
fructose, and the like, and mixtures thereof. Humectants, when employed, may be 
present in amounts from about 10% to about 20%, by weight of the topical dierapeutic 
wound healing cornposition. 
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The coloring agents (colors, colorants) useful in the n n-oral topical 
therapeutic wound healing con^osition are used in amounts effective to pnxfaice the 
desired color. These coloring agents include pigments which may be incorporated in 
amounts xxp to about 6% by weight of die non-oral topical therapeutic wound healing 
con^osition. A preferred pigment, titanium dioxide, may be incorporated in amounts 
up to about 2%, and prefetably less dian about 1%, by weight of the non-oral topical 
flierapeutic wound healing conq)osition. The coloring agents may also inchide natural 
fix>d colors and dtyes suitable fofc food, dmg and cosmedc applications. These coloring 
agents are known as FDA C. dyes and lakes. The materials acceptable for the 
foregoing uses are preferably water-sohible. Illustrattve nonlimiting exaniples inchzde 
die indigoid dye known as F.D.& C. Bhie No.2, which is the disodhun salt of 
S,S-indigotindi8ulfonic acid. SimOariy» die dye known as F.D.ft C. Green No.l 
conqirises a triphen^mediane dye and is the monosodium salt of 4-[4-(N-ediyl-s- 
sttlfoniumbenaTylamino) diphenylniediyleneHl-(N-ediyl-N-c--sulfbniumbra^I)^ 
2,S-cyclohexadienehnine]. A full recitation of all FJ>.& C. coloring agents and dieir 
corresponding chemical structures may be found in die Kiik-Odimer Encyclopedia of 
Chemical Tedmology. 3rd Edition, in vohune S at pages 857-884, which text is 
incorporated herein by reference. 

In accordance widi this invention, dierapeudcally effective amounts of 
die therapeutic wound healing compositions of die present invention may be admixed 
widi a non-oral topical vehicle to form a topical therapeutic wound healing 
composition. These amounts are readily determined by diose skilled in die art without 
the need for undue experimentation. In a preferred embodiment, the non-oral topical 
dierapeutic wound healing compositions will comprise the therapeutic wound healing 
conq)Osition in an amount fiom about 0.1% to about 10% and a non-oral topical 
vehicle in a quantity sufficient to bring die total amount of con^osition to 100%, by 
weight of the non-oral topical dierapeutic wound healing coniposition. In a more 
preferred embodiment, the non-oral topical therapeutic wound healing con^ositions 
will comprise the therapeutic wound healing composition in an amount fiom about 
0.1% to ab ut 5%, and in a most preferred embodiment, the non-oral topical 
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Aerapeutic wound healing compositions will conqmse the therapeutic wound healing 
conq)08ition in an amoimt fiom about 0.1% to about 2%, and a non-oral topical vehicle 
Xu. a CjfiSXkuty oufiioicnt to bniig the iotal ttfuoimi of ooniposition to iOOyo» by weight 
of the non-inal topical tfaer^eutic wound healing conq)ositi(Hi. 

5 

The present invention extends to metiiods for preparing the non-oral 
topical therapeutic wound healing conqx>sitioQS. In such a mefliod, tfie ncm-cnal topical 
tiien^eutic wound healing composition is prepared by admixing a tiierapeutically 
e£fective amount of the tfaerq>eutic wound healing cocq)osition of the present invoition 
10 and a non-oral topical vehicle. The final compositions are readify prq>ared using 

standard mediods and apparatus generally known by those skilled in die pharmaceutical 
arts. The ^paratus usefid in accordance with the present invention conqnrises nmdng 
^aratns well known in die pharmaceutical arts, and tberefore the selection of tiie 
specific apparatus wfll be apparent to die artisan. 

15 

In anodier fbnn of the invention, die dierapeutic wound healing 
CQOopositim is incorporated into an oral topical vehicle which may be in the form of 
a moudiwash, rinse, oral spray, suspension, dental gel, and die like. Topical non-toxic 
oral vehicles known in die pharmaceutical arts may be used in the present invention. 

20 The preferred oral vehicles are water, edianol, and water-ethanol mixtures. The water- 

ethanol mixtures are generally employed in a weight ratio fiom about 1:1 to about 
20:1, preferably from about 3:1 to about 20:1, and most preferably fiom about 3:1 to 
about 10:1, respectively. The pH value of the oral vehicle is generally fix>m about 4 
to about 7, and preferably from about S to about 6.5. An oral topical vehicle having 

25 a pH value below about 4 is generally irritating to the oral cavity and an oral vehicle 

having a pH value greater than about 7 generally results in an unpleasant mouth feel. 

The oral topical dierq)eutic wound healing compositions may also 
contain conventional additives normally enq>loyed in diose products. Conventional 
30 additives include a fluorine providing confound, a sweetening agent, a flavoring agent, 

a coloring agent, a bumectant, a buffer, and an emulsifier, providing the additives do 
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not interfere with tfie therapeutic pxxyperties of Ae therapeutic wound healing 
cojoap sition. 

The coloring agents and humectants, and the amounts of diese additives 
to be employed, set out above as useful in die non-oial topical therapeutic wound 
healing conq)osition may be used in the oral topical Aerapeutic wound healing 
composition. 

Fluorine providing oonqtounds may be fiilly or slightiy water soluble and 
are characterized by their ability to release fluoride ions or fluoride containing ions in 
wat^andbyflieirladcofreaction withotibarconq)onentsinthecoiiq>osi Typical 
fluorine providing oonqKyunds are inorganic fluoride salts such as water-sohible alkali 
metal, alkaline earth metal, and heavy metal salts, Sh: exanqple, sodium fluoride, 
potassram fluoride, ammonium flucnide, cuprous fluoride, zinc fluoride, stannic 
fluoride, stannous fluoride, barium fluoride, sodium fluorosilicate, ammonium 
fluorosilicate, sodium fluorozirconate, sodium monofluorophoq^hate, ahoninum mono- 
and di-fluorophoq)hates and fluorinated sodium caldum pyrciphosphate. Alkali metal 
fluorides, tin fluoride and monofluorppho^hates, such as sodhnn and stannous fluoride, 
sodium mcmofluorophosphate and mixtures diereof, are preferred. 

The amount of fluorine providing conqxnmd present in the present oral 
topical therapeutic wound healing conq)osition is dependent upon the type of flu<Hine 
providing compound employed, the solubility of the fluorine compound, and die nature 
of die final oral dierapeutic wound healing conaposidon. The amount of fluorine 
providing conipound used must be a nontoxic amount In general, die fluorine 
providing conipound when used will be present in an amount up to about 1%, 
preferably fiom about 0.001% to about 0.1%, and most preferably fiom about 0.001% 
to about 0.05%, by weight of die oral topical therapeutic wound healing composition. 

When sweetening agents (sweeteners) are used, those sweetmers well 
known in the art, including bodi natural and artificial sweeteners, may be employed. 



wo 96737228 



PCTAJS96/05897 



-45- 

The sweetening agent used may be selected firom a wide range of materials including 
water-soluble sweetening agents, wat^-sohible artificial sweetening agents, water- 

agents, dipeptide based sweetening agents, and protein based sweetening agents, 
including mixtures thereof. Without being limited to particular sweetening agents^ 
representative categories and examples inchide: 

(a) water-soluble sweetening agents such as monosaccharides, 
disaccharides and polysaccharides such as ^lose, ribose, ghicose (dextrose), mannose, 
galactose, fructose (levulose), sucrose (sugar), maltose, invert sugar (a mixture of 
fructose and glucose derived from sucrose), partially faydrolyzed starch, com symp 
solids, dihydrochalcones, monellin, steviosides, and glycyrriiizin, and mixtures thereof; 

(b) watOT-sohible artificial swe^enos sudi as soluble saccharin salts, 
i.e., sodium or calcium saccharin salts, qrclamate sahs, the sodium, ammonium or 
calch]msaltoO,4-dihydro-6-mediyl-l,23-oxafliiazi^ thepotassium 
sahof 3,4-dihydn>^metlQfM,23HX!cath]a29n^^ (Acesul&me-K), the 
fi:ee acid form of saccharin, and tfie like; 

(c) dipeptide based sweeteners, such as L-aq>artic acid derived 
sweeteners, such as L-aspartyl-L-phenylalanine medxyl ester (Aspartame) and materials 
described in United States Patent No. 3,492,131, L-Alpha-aspartyl-N-(2,2,4,4- 
tetramethyl-3-diietanyl)-I>-alaninpamide hydrate (Alitame). metiiyl esters of L-aspartyl- 
L-phenylglycerine andL-aspartyI-L-2,S-dihydn)phenyl-glycine, L-a^artyl-2,S-dihydio* 
L-phenylalanine; L-aspartyl-L-(l-cyclohexen>alanine, and die like; 

(d) water-soluble sweeteners derived from naturally occurring water- 
soluble sweeteners, such as chlorinated derivatives of ordinary sugar (sucrose), e.g., 
chlorodeoxysugar derivatives such as derivatives of chlorodeoxysucrose or 
chlorodeoxygalactosucrose, known, for example, under tiie product designation of 
Sucralose; exanq)les of chlorodeoxysucrose and chlorodeoxygalacto-sucrose derivatives 
include but are not limited to: l-chloro-r-deoxysucrose; 4-chloro-4-deoxy-AIpha-D- 
galacto-pyranosyl-Alpha-D-fructofiuanoside, or 4-chloro-4-deoxygalactosucrose; 4* 
chloro-4-d60xy-Alpha-D-galacto*pyranosyI-l-chloro-lKleoxy-6-D-fructo^ or 
4,r-dichloio-4,r-dideaxygalactoin]crose; l%6*-didU(xo-r,6'-dideoxysucros^ 4-chloro- 
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4-deoxy-Alpha-D-galacto-pyran syl-l,6-dichlQro-l,6-dideoxy-6-D-fructo-fu^ 
44\6'-trichlon>-4,r»6*-trideo;Qrgalacto-sucrose; 4,6-dichlon>-4,6-<lideoxy-Alpha-D* 
galaciO-pyranosyi'-6-ohlofO-6-dw Of 4,6,6-iricblufO-4,6,6- 

trideoxygalactosucrose; 6J^6-trichlo^>-6,1^6-trideQxysucIose; 4,6-dichloto-4»6- 
dideoxy-Alpha-D-galacto*pyrano5yl-l»6-dichloto-l^^ or 
4,6,1 \6'-tetiadilQr(>4,6,l \6*t6tiadec»7galacto^ and 4,6,1\6 -tetrachloiD- 

4,6,r,6'-tetiade(»Qr-8uciose; and 

(e) protein based sweetenora such as thanmaocoous danielU (Thanmatin 

landll). 

In general, an effective amount of sweetening agent is utilized to provide 
the level of sweetness desired in the particular oral topical flierapeutic wound healing 
oonq)osition, and this amount will vaiy widi die sweetmer sdected and die final oral 
Aerapeutic product desired. The amount of sweetener nonnally present is in die range 
fiom about 0.0025% to about 90%, by wd^t of die oral topical therapeutic wound 
healing conqx)sition, depading upon the sweetener used. The exact range of amounts 
for each type of sweetener is well known in the art and is not die subject of die present 
invention. 

The flavoring agents (flavors, flavorants) which may be used include 
diose flavors known to die skilled artisan, such as natural and artificial flavors. 
Suitable flavoring agents include mints, such as peppeimint, dtrus flavors such as 
orange and lemon, artifidal vanilla, cinnamon, various fiuit flavors, both individual and 
mixed, and die like. 

The amount of flavoring agent employed in die oral topical therapeutic 
wound healing composition is normally a matter of preference subject to such factors 
as the type of final oral therapeutic wound healing composition, the individual flavor 
enqiloyed, and the strengtii of flavor desired. Thus, the amount of flavoring may be 
varied in order to obtain die result desired in die final product and such variations are 
widiin die capabilities of diose skilled in die art widiout the need for undue 
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oqsCTnentation. The flavoiing agents, when used, are generally utilized in anoounts 
that may, for exan^le, range in amounts fiom about 0.05% to about 6%, by weight of 

^.^1 ^--g- sX, a1 Ji 1 i;„ > 

tuw %Mwu iwpAwai uiCia|iGUUV wuuuu iicaung OOS^OSlUOn. 

Suitable bufiPer solutions useful in the non-oral topical Aenqpeutic wound 
healmg compositions include citric add-sodium citrate sohition, phosphoric acid- 
sodium phosphate solution, and acetic acid-sodium acetate solution in amounts up to 
about 1%, and prefenOily fiom about 0.05% to about 0.5% by weight of die oral 
topical dimpeutic wound healing ccnx^osition. .., . 

In acccndance with diis invention, therapeutically effective amounts of 
die therapeutic wound healing conqiositions of the present invention may be admixed 
widi an oral topical vehicle to fam a topical therapeutic wound healing conq)osidon. 
These amounts are readily detenmned by diose drilled in die ait widiout die need fiir. 
undue experimentation. In apreferred enobodimcnt, the oral topical dierqieutic wound 
healing con^ositions will oonq>rise the therapeutic wound healing composition in an 
amount fiom about 0.1% to about 10% and a oral topical vehicle in a quantity 
sufficient to bring die total amount of conqiosition to 100%, by wd^t of the oral 
topical therapeutic wound healing composition. In a more prefistred embodiment, the 
oral topical therapeutic wound healing conqsositions will comprise the dier^eutic 
wound healing composition in an amount fiom about 0.1% to about 5%, and in a most 
prefened embodiment, die oral topical dierapeutic wound healing cocq)ositions will 
comprise the therapeutic wound healing conq>osition in an amount fiom about 0.1% 
to about 2%, and a oral topical vehicle in a quantity sufficient to bring the total amount 
of composition to 100%, by weight of die oral topical dierapeutic wound healing 
conq)osition. 

The present invention extends to methods for preparing die oral topical 
dierapeutic wound healing conopositions. In such a mediod, die oral topical dierapeutic 
wound healing composition is prepared by admixing a dier^eutically effective amount 
of the therapeutic wound healing composition of die present inventi n and an oral 
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topical vehicle. The final con^sitions are readily prepared using standard methods 
and apparatus generally known by diose skilled in the pharmaceutical arts. The 
appsratus iisef jl in accordancs vyiih uic present mvcntion conqirises mixing apparatus 
well known in &e pharmaceutical arts, and therefore ttie selection of Ae ^edfic 
apparatus will be apparent to die artisan. 

In a preferred embodiment, an oral topical tfaexiqieutic wound healing 
ooxiq>osidon is made by first dissolving coloring agents, sweetening agents, and similar 
addidves in water. The therapeutic wound healing oonq)osition is then admixed wiA 
die aqueous sohition. Thai suiBicient water or ethanol, €x mixtures of water and 
edianol, are added to the solution with mixing until die fmal solution vohime is 
reached, hi a more prefened embodiment, die dien^eutic wound healing composition 
is added to die sohition as die final ingredient. The final oral topical therqieutic 
wound healing compositions are readily prepared using mediods gaerally known in 
die pharmaceutical arts. 

The oral therapeutic wound healing composition may also be in die fonn 
of dental gel. As used herein, die temi "gel" means a solid or semisolid colloid which 
contains considerable quantities of water. The colloid particles in a gel are linked 
together in a coherent meshwoifc which immobilizes the water contained inside the 
meshwork. 

The dental gel con^ositions of the present invention may contain die 
conventional additives set out above for oral topical dierapeutic wound healing 
con^ositions such as mouthwashes, rinses, oral sprays, and suspensions and, in 
addition, may contain additional additives such as a polishing agent, a desmsitizing 
agent, and the like» providing the additional additives do not interfere widi the 
diers^eutic properties of the ther^eutic wound healing composition. 

In a dental gel composition, the oral vehicle generally comprises water, 
typically in an amount ham about 10% to about 90%, by wei^t of die dental gel 
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composition. Polyediylene glycol, propylene glycol, glycerin, and mixtures thereof 
may also be present in Ae vdiicle as homectants or binders in amounts fiom about 
1 8?^ to about 30%, by v/eight of &c dental gel vOu^osiiioit Faiticulaijy preferred oral 
vehicles comprise mixtures of water with polyediylene glycol or water wifli glycerin 
and polypropylffle glycol 

The dental gels of the present invention include a gelling agent 
(tiiidcening agent) such as a natural or synthetic gum or gelatin. Gelling agents such 
as hydzDxyetiiyl cellulose, mediyl celhilose, glycerin, carboxypotymetiiylene, and 
gelatin and the Uke, and mixtures tiiereof may be used. The preened gelling agent 
is hjrdroxyetfayl cellulose. Gelling agmts may be used in amounts fiom about 0 J% 
to about 5%, and inferably fiom about 0^% to about 2%, by weight of die dental gel 
composition. 

The dental gd conqjositions of die present inv«tion may also include 
a polishing agent In clear gels, a polishing agent of colloidal silica and/or alkali metal 
alummosilicate conoplexes is preferred since these materials have reflective indices 
close to the refiactive indices of the gelling systems commonly used in dental gels, 
in non-clear gels, a polishing agent of calcium carbonate or calcium dihydiate may be 
used. These polishing agents may be used in amounts up to about 75%, and preferably 
in amounts up to about 50%, by weight of the dental gel composition. 

The dental gel may also contain a desensitizing agent such as a 
combination of citric acid and sodium citrate. Citric acid may be used in an amount 
fiom about 0.1% to about 3%, and preferably fiom about 0.2% to about 1%, by weight, 
and sodium citrate may be used in an amount fiom about 03% to about 9%, and 
preferably fix>m about 0.6% to about 3%, by weight of the dental gel conqK>sition. 

In accordance with this invention, dierapeutically effective amounts of 
die therapeutic wound healing conqiositions of the present invention may be admixed 
into the dental gel con^ositions. These amounts are readily determined by tiiose 
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skilled in the art wiAiout the need for undue e3q)erinientation. In a preferred 
embodiment, the dental gel compositions will comprise tfie therapeutic wound healing 
con^osition in an amount ttom about 0.1% to about 10% and an oral topical vehicle 
in a quantity sufficient to bring Ac total amount of oon^osition to 100%, by weight 
of the dental gel composition. In a more preferred embodiment^ tihe dental gel 
conqxMtions will comprise the therapeutic wound healing coirq)oation in an amount 
fixrai about 0.1% to about 5%, and in a most pr ef erred embodiment, flie dental gel 
0(ni9X>sitiQns will conoprise die tiierapeutic wound healing composition in an amount 
fiom about 0.1% to about 2%, and an oral topical vehicle in a quantity sufficient to 
bring die total amount of composition to 100%, by weight of die dental gel 
composition. 

The present invention extends to methods for preparing die therapeutic 
dental gel con^ositions. In such a mediod, die dental gel con^osition is prepared by 
admixing a therapeutically effective amount of the dierapeutic wound healing 
coniposition of die present invention and an oral topical vehicle. The final 
conqiositions are readily prq)ared using mediods generally known by those skilled in 
the dental and pharmaceutical arts. The apparatus useful in accordance with the 
present invention conq)rises mixing apparatus well known in the pharmaceutical arts, 
and therefore the selection of the specific apparatus will be apparent to die artisan. 

In a preferred embodiment, a therapeutic dental gel composition is made 
by first dispersing a gelling agent in a humectant or water, or a mixture of both, dien 
admixing to the dispersion an aqueous sohition of the water-soluble additives such as 
die fluorine providing compound, sweeteners and die like, dien adding die polishing 
agent, and lasdy admixing the flavoring agent and die therapeutic wound healing 
composition. The final gel mixture is then tubed or otherwise packaged. The liquids 
and solids in a gel product are proportioned to form a creamy or gelled mass which 
is extrudable from a pressurized contamer or from a collapsible tube. The final 
therapeutic wound healing conq)ositions are readily prepared using methods generally 
kn wn in die pharmaceutical aits. 
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In yet anodier fonn of the invention, the therapeutic wound healing 
composition is incoiporated into an ingestible vehicle. The ingestible vehicle may be 
a confbcticneiy bulkiog agent in the Kim:! of lozenges, tabl^, toffees, nougats, 
suspensions, diewy candies, chewing gums, and the like. The phannaceoticalty 
acceptable earners may be prepared fipom a wide range of matoials infthiHmg^ but not 
limited to, diluents, binders and adhesives, hibricants, disintegrants, coloring agents, 
bulking agents, flavoring agents, sweetening agmts and miscellaneous materials such 
as buffers and adsorbents that m^ be needed in order to prepare a particular 
therqieutic confection. 

The preparation of confectionery fiirmulations is historically well known 
and has changed Utde ihrou^ die years. Confectionery items have been classified as 
eidier "hard" confectionery or ''soft" confectionery. The Ifaerqieutic wound healing 
compositions of the presoit invention can be incorporated into confectionery 
cooapositions by admixing flie inventive conoposition into conventional hard and soft 
confections. 

As used herein, the term confectionery material means a product 
containing a bulking agent selected fiom a wide variety of materials such as sugar, 
com syrup, and in the case of sugariess bulking agents, sugar alcohols such as sorbitol 
and mannitol and mixtures tiiereof. Confectionery material may inchide such 
exemplary substances as lozenges, tablets, toffee, nougat, suspensions, chewy candy, 
chewing gum and the like. The bulking agent is present in a quantity sufficient to 
bring the total amount of conq>osition to 100%. In general, the bulking agent will be 
present in amounts up to about 99.98%, preferably in amounts up to about 99.9%, and 
more preferably in amounts up to about 99%, by weight of the mgestible tiierapeutic 
wound healmg conaposition. 

Lozenges are flavored medicated dosage forms intended to be sucked 
and held in die moudi. Lozenges may be in the form of various shapes such as flat. 
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circular, octagonal and biconvex ibmis. The lozenge bases are generally in two forms: 
haid boiled candy lozenges and compressed tablet lozenges. 

Hard boiled candy lozenges may be processed and fiimmlated by 
conventional means. In general, a bard boiled candy lozenge has a base oonqxised of 
a mbcture of sugar and otfier carbohydrate bulking. agents kept in an amorphous or 
glas^ condition. This amorphous or ghusy form is considered a solid syrup of sugars 
generally having fiom about 0.5% to about 1.5% moisture. Such materials normally 
contain rxp to about 92% com syrup, up to about 55% sugar and fiom about 0.1% to 
about 5% water, by wei^t of die final coo^osition. The syrq) conqxment is generally 
prepared fiom com synq»s high in fiuctose, but may include other materials. Fuidier 
ingredients such as flavoring agents, sweetming agents, acidulants, coloring agents and 
the like may also be added. 

Boiled candy lozenges may also be prepared from non-fbrmentable 
sugars such as sorbitol, mannitol, and hydrogenated com synq>. Typical hydrogenated 
com symps are Lycasin, a commercially available product manufactured by Roquette 
Corporation, and Hystar, a commercially available product manu&ctured by Lonza, hic. 
The candy lozenges may contain up to about 95% sorbitol, a mixture of sorbitol and 
maimitol in a ratio fiom about 9.5:0.5 up to about 13:2.5, and hydrogenated com syrup 
up to about 55%, by weigfht of the solid syrup component 

Boiled candy lozenges may be routinely prepared by conventional 

methods such as those involving fire cookers, vacuum cookers, and scraped-suiface 

cookers also refmed to as hig^ speed atmospheric cookers. 

* 

Fire cookers involve the traditional meAod of making a boiled candy 
lozenge base. In this method, die desired quand^ of carbohydrate bulking agent is 
dissolved in water by heating the agent in a kettle until die bulking agent dissolves. 
Additional bulking agent may Ibeti be added and cooking continued until a final 
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tetxq>mture of lAS^'C. to ISd^'C. is adiievecL The batch is then cooled and worked as 
a plasdo-like mass to mooiporate additives such as flavors, colorants and the like. 

A high-speed atmospheric cooko* uses a heat-exchanger suriace which 
involves spreading a fihn of cancfy on a heat exchange sui&ce, Ae cancfy is heated to 
leS'^C. to 170''C. in a few nnmHes. The candy is then rapidly cooled to lOO^'C. to 
120X. and worked as a plastic*like mass raabling incoKporation of the additives, such 
as flavors, coknants and die like. 

In vacuum cookers, die carbohydrate buUdng agent is boiled to 12S''C. 
to 132T., vacuum is qn>liod and additkmal water is boiled off widiout extra heating. 
When cooking is complete, die mass is a semi-solid and has aplastio-like ccmsistmcy. 
At dds point, flavors, colorants, and odier additives are admixed in die mass by routine 
mechanical mixing operadonis. 

The optimum mixing required to uniformly mix the flavoring agents, 
coloring agents and odier additives during conventional manu&cturing of boOed candy 
lozenges is determined by die time needed to obtain a uniform distribution of die 
materials. Normally, mixing times of bom 4 to 10 minutes have been found to be 
acceptable. 

Once the boiled candy lozenge has been properly tenq>ered, it may be 
cut into workable portions or formed into desired shapes. A variety of forming 
techniques may be utilized depending upon die shape and size of the final product 
desired. A general discussion of die conq)osition and preparation of hard confections 
may be found in HA. Ueberman, Pharmaceutical Dosage Forms: Tablets. Volume I 
(1980), Marcel Dekker, Inc., New York, N.Y. at pages 339 to 469, which disclosure 
is incorporated herein by reference. 
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The apparatus useful in accordance with the present invention coiupiises 
cooking and mixing apparatus well known in the confectioneEy manufactming arts, and 
thcrefbiC ihe selectiou of ihe specinc apparatus will be {parent to the artisan. 

bi contrast, conqnessed tablet confections contain particulate materials 
and are finmed into structures under pressure. These confections generally contain 
sugars in amounts isp to about 95%^ by wei^t of the composition, and typical tablet 
exdpirats such as bindors and hibricants as well as flavoring agents, coloring agents 
and Ae like. 

In addition to hard confectioneiy materials, flie lozmges of Ae present 
invention may be made of sofk ccmfectioneiy materials sudi as those contained in 
nougat The preparation of soft confections, such as nougat, involves conventional 
mediods, such as the combination of two primary components, namely, (1) a high 
boiling syrup such as a com syrup, hydrogenated starch hydrolysate or the Kke, and (2) 
a relatively light textured fiappe, generally prepared from egg albumin, gelatin, 
vegetable proteins, such as soy derived compounds, sugarless milk derived conipounds 
such as milk proteins, and mixtures thereof The fiappe is generally relatively light, 
and noay, for example, range in density from about 0.5 to about OJ grams/cc. 

The high boiling syrup, or "bob syvup" of tiie soft confectionery is 
relatively viscous and has a higher density than the fiappe component, and frequoitly 
contains a substantial amount of carbohydrate bulking agent such as a hydrogenated 
starch hydrolysate. Conventionally, the fmal nougat composition is prepared by the 
addition of &e "bob syrup" to the firappe under agitation, to form die basic nougat 
mixture. Furthor ingredients sudi as flavoring agrats, additional carbohydrate bulking 
agent, coloring agents, preservatives, medicaments, mixtures thereof and die like may 
be added thereafter also under agitation. A general discussion of the composition and 
prq)aration of nougat confections may be found in B.W. Nfinifie, Chocolate, Cocoa and 
Confectionerv: Science and Technoloev, 2nd edition, AVI Publishing Co., Inc., 
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Westpoit, Conn. (1980), at pages 424-425» which disclosure is incoipoiated heztin by 
icicrence. 

The piocedure for piepaiing the soft confecdoneiy involves known 
procedures. In general, the fiappe con:q)onent is prepared first and thereafter the syrup 
cornponent is slowly added under agitation at a tranperatme of at least about 6S^C., and 
preferably at least about lOO^'C. The mbcture of conqxmmts is continued to be mixed 
to fisnn a uniform mixture, after which die mixture is cooled to a tenq)eiature bdow 
80^C., at which point, Ae flavoring agent may be added. The mixtuie is fuidier mixed 
fiir an addidonal period untfl it is ready to be removed and fmned into suitable 
oonfecdon^ shapes. 

The ingesdble therapeutic wound healing conipositions may also be in 
the form of a pharmaceutical suspension. Pharmaceutical suspensions of this invention 
may be prepared by conventional methods long established in tiie art of pharmaceutical 
compounding. Su^ensions may contain adjunct materials eoiployed in formulating die 
suspensions of die art The suspensions of die present invention can con^se: 

(a) presenratives such as butylated hydroxyanisole (BHA), butylated 
hydroxytoluene (BHT), benzoic acid, ascorbic acid, mediyl paraben, propyl paraben, 
tocopherols, and the like, and mixtures thereof. Preservatives are generally present in 
amounts up to about 1%, and preferably from about 0.05% to about 0.5%, by weight 
of the suspension; 

(b) buffers such as citric add-sodium citrate, phosphoric acid-sodium 
phosphate, and acetic acid-sodium acetate in amounts up to about 1%, and preferably 
from about 0.05% to about 0.5%, by weight of die suspension; 

(c) suspending agents or thickeners such as cellulosics like 
mediylcellulose, cairageenans like alginic acid and its derivatives, xanthan gums, 
gelatin, acacias, and microcrystalline cellulose in amounts up to about 20%, and 
preferably fiom about 1% to about 15%, by weigjit of die suspension; 
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(d) antifbaming agents such as dimethyl polysfloxane in amounts up to 
about 02%, and preferably fiom about 0.01% to about 0.1%, by weight of die 

(e) sweetening agents such as those sweeteners well known in Ae ait» 
including both natural and artificial sweeteners. Sweetening agents such as 
monosaccharides, disaccharides and polysaccharides such as s^lose, ribose, g^cose 
(dextrose), mannose, galactose, fiuctose Oevulose), sucrose (sugar), maltose, invert 
sugar (a mixture of fhictose and glucose derived fimn sumse), partially faydrolyzed 
starch, com symp solids, dihydrochalcones, monelUn, steviosides, glycyrriiizin, and 
sugar alcohols such as sorbitol, maiuiitol, mahitol, hydrogenated starch hydrolysates 
and mixtures thereof may be utilized in amounts up to about 60%, and preferably fiom 
about 20% to about 50%, by weigjit of the suspension. Water-soluble artificial 
sweeteners sudi as soluble sacdiarin salts, i.e., sodium or calcium saccharin salts, 
cyclamate salts, the sodhnn, ammonium or calcram salt of 3,4-dihydn>-6-methyl-l,23- 
oxatfaiazine-4-one-2,2-dioxide, die potassium salt of 3,4-dihydro-6*mediyl-l,23- 
oxadiiazine-4-one-2,2-<lioxide (Acesul&me-IQ, die fiee add form of saccharin, and the 
like may be utilized in amounts fiom about 0.001% to about 5%, by weight of tiie 
suspension; 

(f) flavoring agents such as those flavors well known to die skilled 
artisan, such as natural and artificial flavors and mints, such as pq>peimint, menthol, 
dtms flavors such as orange and lemon, artificial vanilla, cinnamon, various fiuit 
flavors, bodi mdividual and mixed and die like may be utilized in amounts fiom about 
0.5% to about 5%, by weight of the suspension; 

(g) coloring agents such as pigments which may be incorporated in 
amounts up to about 6%, by weight of the suspension. A preferred pigment, titanium 
dioxide, may be incorporated in amounts up to about 2%, and preferably less dian 
about 1%, by weight of die suspension. The coloring agents may also include natural 
food colors and dyes suitable for food, drag and cosmetic applications. These colorants 
are known as FDA C. dyes and lakes. The materials accqitable for the foregoing 
uses are preferably water-soluble. Such dyes are generally present in amounts up to 
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about 025%, and preferably fiom about 0.05% to about 02%, by weight of Hic 
suspension; 

uwvuiuii^ou^ a^cfuis sui/u as suuium mciaDisuuii6» ascoTDic aciQ and 
the like may be incoiporated into die suspension to prevrat color changes due to aging. 
M general, decolorizing agents may be used in amounts wp to about 025%, and 
piefeiably fiom about 0.05% to about 0.2%, by weig|it of die suspension; and 

(0 sohibilizers such as alcohol, piopylrae ^ycol, polyediylene glycol, 
and the like may be used to solubiUze the flavoring agmts. In general, solubilizing 
agents may be used in amounts up to about 10%, and preferably firai about 2% to 
about 5%, by weight of die suspension. 

The pharaiaceutical suspensions of die present invention may be 
prepared as follows: 

(A) admix die diickraier widi water heated fiom about 40''C. to about 
PS'^C, prefoably fiom about 40''C. to about VO'C, to fbmi a dispeision if die 
diickener is not water sohible or a solution if die diickener is water soluble; 

(B) admix die sweetening agent widi water to form a solution; 

(C) admbc die dimpeutic wound healing composition widi die 
diickener-water admixture to form a unifimn thickener-therapeutic wound healing 
conqiosition; 

(D) combine the sweetener solution with the thickener-therapeutic 
wound healing composition and mix until uniibmi; and 

(E) admix the optional adjunct materials such as coloring agents, 
flavoring agents, decolorants, sohibilizers, antifbaming agents, buffers and additional 
water widi the mixture of step (P) to fi>mi the suq»ension. 

The ingestible therapeutic wound healing conq)ositions of diis invention 
may also be in chewable form. To achieve acceptable stability and quality as well as 
good taste and mouth feel in a chewable fomulation several considerations are 
important. These considerations include die amount of active substance per tablet, the 
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flavoring agent enq)loye(l, flie degree of coxopressibility of die tablet and the 
organoleptic pioperdes of tiie comp sition. 

Chewable dierapeutic candy is prepared by procedures similar to those 
used to make soft confectumeiy. In a typical procedure, a boiled augar-oom sypsp 
blend is fbnned to which is added a fis^pernbcture. The boiled sugar-com syxup blend 
may be prepared fiom sugar and cam syrup bladed in pans by wet^t ratio of about 
90:10 to about 10:90. The sugar-com syrup blend is heated to tenqseratures above 
about 120^C. to remove water and to form a nK>lten mass. The fiappe is generally 
prepared fiom gelatin, egg albumin, milk proteins such as casein, and vegetable 
proteins such as soy protein, and die Uke, which is added to a gelatin solution and 
rapidly mixed at arnbient ten^eiature to form an aerated sponge like mass. The fiappe 
is then added to tfie molten candy mass and mixed until homogeneous at tenq^eratures 
between about es^'C. and about UO^'C. 

The ingesttble dierapeutic wound healing composidon of die instant 
inventicm can dien be added to die homogeneous mixture as die tenq)erature is lowered 
to about 65^ C.-*9S^ C. whereupon additional ingredients can then be added such as 
flavoring agents and coloring agents. The formulation is fiirdier cooled and formed 
into pieces of desired dimensions. 

A general discussion of the lozenge and chewable tablet forms of 
confectioneiy may be found in HA. Lieberman and L. Lachman, Pharmaceutical 
Dosage Forms: Tablets Vohmie 1, Marcel Dekker, fee, New York, N.Y. at pages 289 
to 466, which disclosure is incorporated herein by reference. 

b accordance with this invention, therapeutically effective amounts of 
the dierapeutic wound healing conq^ositions of die present invention may be admixed 
into die hard and soft confectioneiy products. These amounts are readily determined 
by diose skOled in die art widiout die need for undue experimentation. In a preferred 
embodiment, die ingestible therapeutic wound healing conq)osition will comprise die 
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diiSTE^eutic wound healing con^osition in an arnoimt firom about 0.1% to about 10% 
and an ingestible vehicle, that is a phannaceutically acceptable carrier, in a quantity 
sufiScient to bring the total amount of coaposition to 100%, by weight Ae ingestible 
dier^eutic wound healing composition. Jn a more preferred enibodiment, &e 
ingestible composition will comprise flie tfierapeutic wound healing composition in an 
amount fiom about 0.1% to about 5%, and in a most prefened enobodiment, die 
ingestible coniposition will craiprise the flierapeutic wound healing composition in an 
amount fifom about 0. 1 % to about 2%, and an ingestible vehicle in a quantity sufiScient 
to bring the total amount of conq)osition to 100%, by weight the ingestible therapeutic 
wound healing congiosition. 

The presoit invention extends to mediods of making the ingestible 
therapeutic wound healing oonQ)Ositions. In such mediods, an ingestible dierapeutic 
wound healing composition is prepared by admixing a therapeutically efiective amount 
of die dierapeutic wound healing composition widi a phaimaceutically-acceptable 
carrier. The apparatus useful in accordance witfi die present invention oon^rises 
mixing and heating apparatus well known in die confectionery arts, and therefore the 
selection of the specific apparatus will be apparent to die artisan. The final ingestible 
therapeutic wound healing compositions are readily prepared using methods generally 
known in die confectioneiy arts. 

The dierapeutic wound healing compositions may also be incorporated 
into chewing gums. In diis form of the invention, the chewing gum conq>osition 
contains a gum base, a bulking agent, the inventive dierapeutic wound healing 
composition, and various additives. 

The gum base employed will vary gready depending upon various 
fectors such as the type of base desired, die consistency of gum desired and the other 
components used in the composition to make die final chewing gum product The gum 
base may be any water*insoluble gum base known in die art, and inchides those gum 
bases utilized for chewing gums and bubble gums, niustrative exanqples of suitable 
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polymers in gum bases include both natural and syntfaedc elastomers and rubbers. For 
exanqile, those polymers which are suitable as gum bases include, without limitation, 
substances of vegetable origin such as chicle, crown gam, nispero, losadinha, jehrtong, 
periUo, niger gutta, tunu, balata, gutta-percha, ledii-cq>si, scnrva, gutta kay, mixtures 
Ifaereof and die like. Syndetic elastomers such as butadiene-styiene copofymers, 
polyisobutylene, isobutylene-isoprene copolymers, polyedi^ene, mixtures thereof and 
Ae lite are pazttcularfy usefiiL 

The gum base inqr indude a non-40Kic vin^ pointer, suiA as poly^ 
acetate and its partial hydrolysate, polyvinyl alocAol, and mixtores Aereof. When 
utilized, die molecular weight of die vinyl polymer may range fiom about 2,000 jsp to 
and inchiding about 94,000. 

The amount of gum base employed will vary gready dq)ending upon 
various &ctors such as die type of base used, the consistency of die gum desired and 
die other componmts used in die coxnposidon to make the final chewing gum product 
In general, die gum base will be present in amounts tarn about 5% to about 94%, by 
weight of die final chewing gum composition, and preferably in amounts fiom about 
15% to about 4S%, and more preferably in amounts fiom about 15% to about 35%, 
and most preferably in amounts firom about 20% to about 30%, by weight of the final 
chewing gum conoposidon. 

The gum base conq>osition may contain conventional elastomer solvents 
to aid in softening the elastomer base conoponent Such elastomer solvents may 
comprise terpinene resins such as polymers of Alpha-pinene or B-pinene, med^l, 
glycerol or pentaeiydiritol esters of rosins or modified rosins and gums, such as 
hydrogenated, dimerized or polymerized rosins or mbctures thereof. Exan^les of 
elastomer solvents suitable fw use herein inchide die pentaecyduitol ester of partially 
hydrogenated wood or gum rosin, die pentaetythritol est^ of wood or gum rosin, die 
glycerol ester of wood rosin, the glycerol ester of paitialty dimerized wood or gum 
rosin, die glycerol ester of polymerized wood or gum rosin, die glycerol ester of tall 
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oil losin, the glycerol ester of wood or gum rosin and the partially hydrogenated wood 
or gum rosin and the partially hydrogenated methyl ester of wood or losin, mixtures 
thereof, and flie like. The elastomer solvent may be employed in anxiunts fixim about 
5% to about 75%, by weigjit of die gum base» and preferably finom about 45% to about 
70%, by weight of flie gum base. 

A variety of traditional mgredients may be included in die gum base in 
effective amounts such as plasticizers or softeners such as lanolin, palmitic add, oleic 
acid, stearic add, sodium stearate, potassium steaiate, glyceryl triacetate, gjtyoeryl 
leddiin, glyceryl monostearate, pnq^ylene glycol monostearate, acetylated 
monoglyceride, glycerine, mixtures diereof, and the like may also be inooiporated mto 
die gum base to obtain a variety of desirable textures and consistency pxpperdes. 
Waxes, for exanq>le, natural and synthetic waxes, hydrogenated vegetable oils, 
petroleum waxes such as polyuredume waxes, polyediylene waxes, paiafifin waxes, 
microcEj^talline waxes, &tty waxes, scn'bitan monostearate, tallow, propylene glycol, 
mixtures diereof, and die like may also be incorporated into the gum base to obtain a 
variety of desirable textures and consistency properties. These traditional additional 
materials are generally employed in amounts up to about 30%, by weight of the gum 
base, and preferably in amounts fiom about 3% to about 20%, by weight of the gum 
base. 

The gum base may include effective amounts of mineral adjuvants such 
as caldum carbonate, magnesium carbonate, alumina, aluminum hydroxide, aluminum 
silicate, talc, tricaldum phosphate, dicalcium phosphate and the like as well as 
mixtures diereof. These mineral adjuvants may senre as fillers and textural agents. 
These fillers or adjuvants may be used in the gum base in various amounts. Preferably 
the amount of filler when used will be present in an amount up to about 60%, by 
weij^t of the chewing gum base. 

The diewing gum base may additionally include the convrational 
additives of coloring agents, and xidants, preservatives and the like. For example. 
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titanium dioxide and other dyes suitable for food, dnig and cosmetic applications* 
known as FJ). & C. dyes, may be utilized An antioxidant such as butylated 
hydiuxyioluene CBHF)» bu^iated hydioxyanisole (BHA), pxopyi gallate, and mixtures 
thereof, may also be inchided. Odier conventional chewing gum additives known to 
5 one having ordinaiy ddll in the chewing gum art may also be used in the diewing gum 

base. 

The gum ooaq)osition may include effective amounts of conventional 
additives selected fiom the group consisting of sweetenmg agents (sweeteners). 

10 plasddzers, softeners, emulsifiers, waxes, fillers, bulking agents, mineral adjuvants, 

flavoring agents (flavors, flavorings), coloring agents (colorante, colorings), 
antioxidants, acidulants, diickeners, nnxtures diereof and the Uke. Some of diese 
additives may serve more dian one pmpose. For exaniple, in sugariess gum 
conqiositions, the sweetener, e.g., sorbitol or odier sugar alcohol or mbctures Aaeof, 

IS may also fimction as a bulking agent Similarly, in sugar containing gum 

conqiositions, the sugar sweetraer can also function as a bulking agent 

The plasdcizers, softeners, mineral adjuvants, colorants, waxes and 
antioxidants discussed above as being suitable for use in the gum base may also be 

20 used in die gum composition. £xanq)les of other conventional additives which may 

be used include emulsifiers, such as lecithin and glyceryl monostearate, thickeners, 
used alone or in combination with other softeners, such as metiiyl cellulose, alginates, 
cairageenan, xanthan gum, gelatin, carob, tragacanth, locust bean, and carboxy methyl 
cellulose, acidulants such as malic acid, adipic acid, citric acid, tartaric add, fumaric 

25 add, and mixtures thereof, and fillers, such as those discussed above under the 

category of mineral adjuvants. The fillers when used may be utilized in an amount up 
to about 60%, by wdght of die gum composition. 

Bulking agents (carriers, extaders) suitable fin* use in diewing gums 
30 include sweetening agents selected from die groiq> consisting of monosaccharides, 

disaccharides, poly-saccharides, sugar alcohols, and mixtures diereof; polydextrose; 
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maltodcxtrins; minecals, sadi as calcium caibcmate, talc, titaniyin dioxide, dicalcium 
phosphate, and die like. Bolkiiig ag«ts imy be used in ainounts iq> to about 
weight of me fmai gum con^osidon, wifli amounts fiom about 40% to about 70%, by 
weight ofthe gum composition being prefisrred , wifli fiom about 50% to about 
by weight, bemg more piefened and fiom about 55% to about 60%. by weight ofthe 
chewing gum conq>osition, being most pre fe rred. 

The sweetening agent used may be selected fiom a wide range of 
materials inchiding water-soluble sweeteners, watw-soluble artificial sweeteners, water- 
sohible sweeteners derived fiom naturally occurring water-sohible sweeteners, dipeptide 
based sweetmers, and protem based sweeteners, including mixtures thereof Widiout 
being limited to particular sweeteners, representative categories and exairples inchide: 

(a) water-soluble sweetening agents such as monosaccharides, 
disaccharides and polysaccharides such as xylose, ribulose, glucose (dextrose), 
mannose, galactose, fiuctose Qevulose), sucrose (sugar), maltose, invert sugar (a 
mixture of fructose and ghicose derived fiom sucrose), partially hydrolyzed starch, com 
symp solids, dihydrochalcones, monellin, steviosides, glycynhizin, and sugar alcohols 
such as sorbitol, mannitol, maltitol, hydrogenated starch hydrolysates and mixtures 
thereof; 

(b) water-soluble artificial sweeteners such as soluble sacdiarin salts, 
i.e., sodium or calcium saccharin salts, cyclamate salts, Ae sodhun, ammonram or 
calciumsahof3,4Hiihydro-6-methyl-l,23K>xathia2ine-4.one-2,2-di^^ diepotasshmi 
sdtof3,4-dihydro-6-methyl-l,23-oxadua2anMH)ne-2,2-dio^^ (Acesulfeme-K), die 
fiee acid form of saccharin, and the like; 

(c) dipeptide based sweeteners, such as L-aspartic acid derived 
sweeteners, such as L-aspartyl-Lf henylalanine mediyl ester (Aspartame) and materials 
described in United States Patent No. 3,492,131, L-Alpha-aspartyl-NK2,2,4,4- 
tetramethyl-3-tfaietanyl)-D-alanin-amide hydrate (Alitame), m^yl esters of L-aspartyK 
I^phenylglycetmeandL-aq)artyl.L.2,5Hiihydrophenyl-gly L-aspartyl.2,5-dihydro- 
L^henylalanine; L-aspartyl-L-(l-cyclohexen)-alamne, and the like; 
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(d) water-^Iuble sweeteners derived fiom naturally occoning water* 
soluble sweeteners, such as dilorinated derivatives of oidinaiy sugar (succose)» known, 
Sat example, under the product designation of Sucralose; and 

(e) protein based sweeteners sudi as AaunuoccousdanielUniiaunu^ 

I and 10. 

In general, an efiecthre amoimt of sweetener is utilized to provide die 
level of bulk and/or sweetness desired, and Hois amount will vaiy with die sweetener 
selected. This amount of sweetener win normally be present in amounts fiom about 
OMTSYq to about 90%, by weight of die gum composition, depending upon die 
sweetener used. The exact range of amounts for each type of sweetener is well known 
in die art and is not die subject of die present invention. The amount of sweetener 
ordinarily necessaxy to achieve die deshvd level of sweetness is indq>endent fiom the 
flavor level achieved fiom flavor oib. 

Preferred sugar based-sweeteners are sugar (sucrose), com synxp and 
mixtures diereof Preferred sugarless sweeteners are the sugar alcohols, artificial 
sweeteners, dipeptide based sweeteners and mixtures diereof Preferably, sugar 
alcohols are used in the sugarless conq>ositions because these sweeteners can be used 
in amounts which are sufficient to provide bulk as well as the desired level of 
sweetness. Preferred sugar alcohols are selected from die group consisting of sorbitol, 
xylitol, maltitol, mannitol, and mixtures thereof. More preferably, sorbitol or ambcture 
of sorbitol and maimitol is utilized. The gamma form of sorbitol is preferred. An 
artificial sweetener or dipeptide based sweetener is preferably added to the gum 
compositions which contam sugar alcohols. 

The coloring agrats useful in die gum compositions are used in amounts 
efiective to produce die desired color. These coloring agents include pigmats which^ 
may be incorporated in amounts up to about 6% by wei^t of die gum composition. 
A preferred pigment, titanium dioxide, may be incorporated in amounts \xp to about 
2%, and prefoably less dian about 1% by weight of die composition. The colorants 
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may also inchide natural food colors and dyes suitable for food, drug and cosmetic 
applications. These colorants are known as F.D.& C. dyes and lakes. The materials 
accq)table for the foregoing uses axe preferably water-sohible. Illuslrative ncmlimiting 
examples include the indigoid dye known as FJ3.& C. Blue No.2, which is the 
disodhnn salt of S,S-indigotindisulfonic acid. Similaily, die dye known as FJD.& C. 
Green No.l coDq)rises a triphenylmediane dye and is Ae monosodium sak of 4^4^^ 
eAyl.p*suIf(miumben2ylamino)l9hen3dn^ 

delta-2^-cyclohexadieneimine]. A full recitation of all FD.& C cokmmts and dieir 
omesponding chemical stractures may be found in the Kuk-Othmer Bicvclopedia of 
Chemical T echnology, 3id Edition, in vohune S at pages 857-884. which text is 
incorporated herein by reference. 

Suitable oils and fats usable in gum conipositions include partially 
Iq^genated vegetable or animal fats, such as coconut oil, palm kernel oil, beef 
tallow, lard, and the like. These ingredients when used are generally present in 
amounts }sp to about 7%, by weight, and preferably up to about 3.5%, by weight of die 
gum composition. 

In accordance witfi this invention, therapeutically eflfisctive amounts of 
the therapeutic wound healing compositions of the present invention may be admixed 
into a chewing gum. These amounts are readily determined by diose skilled in the art 
without the need for undue experimentation. In a preferred enibodiment, the final 
chewing gum composition will comprise the tiierapeutic wound healing composition 
in an amount fiom about 0.1% to about 10% and a chewing gum conqiosition in a 
quantity sufficient to bring the total amount of composition to 100%, by weight of die 
chewing gum coniposition. In a more preferred embodiment, the fmal chewing gum 
composition will conqyrise die therapeutic wound healing composition in an amount 
from about 0.1% to about 5%, and in a most preferred ^nbodiment, the final chewmg 
gum coo^sition will conq>rise the therapeutic wound healing composition in an 
amount from about 0.1% to about 2%, and a chewing gum coixqx>sition m a quantity 
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sufBcient to bring the total amount of conq>ositiQn to 100%» by weight of the chewing 
gum Gon^osition. 

The present invention extends to mediods of making tfie dieiapeutic 
diewing gum ccnnpositiQns. The flioapeutic wound healing compositions may be 
incoipoiated into an o&erwise conventional chewing gum conqK>sition using standard 
techniques and equipment known to diose skilled in die art The apparatus usefiil in 
accordance widi the present invention ccmqirises mixing and heating q»paratas wdl 
known in die chewing gum manu&cturing aits, and fhmfore the selection of the 
specific apparatus will be apparent to die artisan. 

For exan^le, a gum base is heated to a tempoature sufiSdady higih 
enough to soften die base widiout adversely effecting die physical and chemical make 
up of die base. The optimum tenq^eratures utilized may vary depending upon die 
composition of die gum base used, but such temperatures are readily determined by 
diose skilled in the art widiout undue ejqierimentation. 

The gum base is conventionally melted at temperatures that range fiom 
about 60^ C. to about 120^ C. for a period of time sufficient to r^der the base molten. 
For example, the gum base may be heated \mder diese conditions for a period of about 
thirty minutes just prior to being admixed incrementally with the remaining ingredients 
of the base such as the plasticizer, fillers, the bulking agent and/or sweeteners, die 
softener and coloring agents to plasticize the blend as well as to modulate die hardness, 
viscoelasticity and fonnability of the base. The chewing gum base is then blended 
with die dierapeutic wound healing conqiosition of the present invention which may 
have been previously blended with other traditional ingredients. Mixing is continued 
until a uniform mixture of gum composition is obtained. Thereafter die gum 
coniposition mixture may be formed into desirable chewing gum shapes. 
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In a specific embodiment, the invention is directed to a therapeutic 
phaimaceatical conq)ositi n for preventing and reducing injury to mammalian cellSp 
and increasing the resuscitation rate of injured mammalian cells, which ccmiprises: 

(A) a tfaerapeutically effective amount of a therapeutic wound healing 
conqxisition of Embodiment One (0 selected fiom the poop consisting of: 

(LA) (a) pyrovate selected fiom the group consisting of pyrovic add, 
pharmaceutically acceptable salts of pyruvic add, and mixtures thereof^ 

(b) an andoxidanl^ and 

(c) amixture of saturated and unsaturated &tiy acids i^erein fte 
fimy acids are those fatty adds required for the repair of ceUular membranes and 
resusdtation of mammalian cells; 

(LB) (a) pymvate selected fiom Ae group consisting of pymvic acid, 
pharmaceutically accq>table salts of pyruvic add, and xnixtuies thereof; 

(b) lactate selected from the group consisting of lactic acid, 
pharmaceuticaUy acceptable salts of lactic acid, and mixtures thereof; and 

(c) a mixture of saturated and unsaturated fatty acids wherein the 
fatty acids are those fatty acids required for the repair of cellular membranes and 
resuscitation of marmnalian cells; 

(LC) (a) an antioxidant; and 

(b) a mixture of saturated and unsaturated fatty adds wherein die 
fatty acids are those &tty adds required for the repair of cellular membranes and 
resusdtation of mammalian cells; 

(LD) (a) lactate selected from the group consisting of lactic acid, 
pharmaceutically acceptable salts of lactic add, and mixtures thereof; 
(b) an antioxidant and 
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(c)amixture f saturated and unsatarated &t:^ adds wherein 
&tty acids are those £itty adds required for the repair of celhilar membranes and 



(B) a phaimaceutically acceptable carrier. 

5 

Thephaimaceiiticany acc^table carrier may be selected fit>m flie gioup 
consisting of phannaceatical appliances, topical vebicles. and ingestible vehicle. 



Jn anoAer q)ecific embodiment, the invention is dnwted to a meAod 
10 fiir preparing a therapeutic phamoaceutical composition for preventing and reducing 

injury to m a mmali an cells, and increasing tiie resusdtation rate of injured mmni^}im 
cells, ^ich comprises the steps of : 

(A) providmg a flierapeutically efifective amount of a therqieutic wound healing 
conQx>sition of Embodiment One (LA-D) selected &om the group consisting of: 

15 

(LA) (a) pyruvate selected fiom the group consisting of pyruvic add, 
pharmaceudcally acceptable salts of pymvic add, and mixtures thoeo^ 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty acids wherein Ae 
20 &tty adds are those hxty adds required for the repair of cellular membranes and 

resuscitation of mammalian cells; 

(LB) (a) pyravate selected fiom the group consisting of pymvic add, 
phaimaceutically acceptable salts of pymvic add, and mixtures thereof; 
25 (b) lactate selected fiom the group consisting of lactic add, 

phaimaceutically acceptable salts of lactic acid, and mixtures thereof; and 

(c) a mixture of saturated and unsaturated fatty acids wherdn die 
fatty acids are those fatty acids required for the repair of ceUular mmibranes and 
resusdtation of mammalian cells; 



30 
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(LQ (a) an antioxidant; and 

(b) a mixtme of saturated and unsaturated fatty acids herein tiie 
MiSty aciua aic those fatiy aQids rpqulfed mt me repair of cdhiiar monbranes and 
resuscitation of mammalian cells; 

(LD) (a) lactate selected from Ae group consisting of lactic add* 
phannaceudcally acceptable salts of lactic acid, and mixtures thereof; 

(b) an antioxidant and 

(c) a mixtuie of saturated and unsaturated fittty adds herein die 
fiitty acids are Aose &tty adds required for Ifae repair of cellular membranes and 
resuscitation of mammalian cells; and 

(B) providing a phaimaceutically acceptable carrier; and 

(C) admbdng the Aerapeutic wound healing composition fiom stqp (A) and the 
pharmaceutically acceptable carrier fiom step (B) to fimn a flioapeutic pharmaceutical 
conqiosition. 

Throughout this application, various publications have been referenced. 
The disclosures in tiiese publications are incoiporated herein by reference in order to 
more fiilly describe tfie state of Ae art. 

The present invention is further illustrated by the following exanq)les 
which are not intended to limit the effective scope of the claims. All parts and 
percentages in the exanfq)les and throughout the specification and claims are by wdght 
of the final composition unless oflierwise spedfied. 
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£. Examples Of 
The Therapeutic Wound Healnig Compositioiis 
Of Embodunent One (LA-D) 
Stniiy 1 

This study doncmslzates a con^arison of die viabihty of U937 
monocytic cells afker exposure of die cells to various antioxidants and combinations 
of antioxidants. This study also demonstrate a comparison of the levels of hydrogen 
peroxide produced by U937 monocytic cells and mammalian qiidemaal koatinocytes 
after exposure of die cells to various antioxidants and combinations of antioxidants. 
The results of diis study are illustrated in Figures 1-4 and exantqples 1-26 below. 

Mammalian epidaaiBl keratinocytes and monocytes were enqiloyed to 
examine the ability of various antioxidants to reduce levels of hydrogen peroxide in 
these cells. Hydrogen peroxide was measured «dter die cells were exposed to 
ultraviolet light in die wavelengdi range from 290 to 320 nm (UV-B) or to die 
inflammatory compound 12-0-tetradecanoyl-phorbol-13-acetate (TPA). Sodium 
pyruvate was tested at various concentrations to detemsine die efiect of ooncntrations 
of this antioxidant on die hydrogen peroxide production by epidernial cells and 
monocytes. Magnesium pyruvate, calcium pymvate, zinc pyruvate, and combinations 
of sodium pyruvate widi ascorbic acid, lactic acid, and Vitamin E were dien tested to 
determine die effect of diese salts and combinations of antioxidants on die hydrogen 
peroxide production by epidermal cells and monocytes. 

Mammalian epidermal keratinocytes were isolated by trypsinization of 
epithelial sheets and grown in modified basal MGDB 1S3 medium siq>plement6d widi 
epidermal growth factor, bovine pituitary extract, and hydrocortisone. Cells were 
maintained in a humidified incubator with 5% carbon dioxide at 37^C. Keratinocytes 
were seeded in 60 mm culture dishes at a cell density of 3 x 10^ cells per dish and die 
cultures were exposed to 1 M.EJ}. dose of ultraviolet-B ligiht (100 mJ/cm^) or treated 
widi lOOngtoJ of TPA. 
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U937 monocytic ceUs are a cultured cell line grown in RPNfl media with 
10% fetal calf seimxL Cells were maintained in a 60 mm culture dish at S% caibon 
dioxide at 37^C. at a seeding dsRsity not exceeding I x 10^ oelb per ui&b. 

S Sodium pyruvate, lactic add, ascoibic add, and Vitamin E woe 

dissolved in distilled wat^, with sufiSdent surbctant The concentrations of the 
sodhmi pyruvate solutions prepared were 1 mNf, 10 mM, SO mM, 100 mM, and 
200 nlM The concentrations of Ae lactic zxAi solutions prepared woe 1.0%, 0.1%, 
and 0.05%. The concentrations of the ascorbic add sohiticms prepared were 1.0%, 

10 0.1%, 0.05%, and 0.025%. The concentrations of Ae Vitamin E sohitions prepared 

were 1 U, 10 U, 50 U, and 100 U. The test soluticms were adjusted to apH value of 
7.4 witih 1.0N sodium hydroxide solution and th« sterile filtoed. The qypropriate 
concentratim of test solution or combination of test soluticms was added to the ceDs 
immediatdy prior to exposure of the cells to ultraviolet light-B or TPA [lOOng^. 

15 Stodc solutions were prepared so that tfie vdiicle did not constitute more than 1% of 

the total vohmie of die culture media. 

Intracellular hydrogen peroxide production by mammafian epidennal 
keratinocytes and U937 monocytes was measured using dichlorofluorescein diacetate 

20 (DCFH-DA, Molecular Ptobes, Eugene, Ore.). DCFH-DA is a non-polar non- 

fluorescent conq)ound that readily diffuses into cells where it is hydrolyzed to die polar 
non-fluorescent derivative DCFH which dien becomes trapped within the cells. In the 
presence of intracellular hydrogen peroxide, DCFH is oxidized to the highly fluorescent 
compound DCF. Hence, cellular fluorescence intensity is directly proportional to die 

25 level of intracellular hydrogen peroxide produced. Cellular fluorescCTce intmsity can 

be monitored by fluorimetiy and by flow cytometry. 

Mammalian epidermal keratinocytes and U937 cultured monocytes (1 
X 10^ per dish) were incubated at 37''C. with 5 uM of DCFH-DA. Production of 
30 hydrogen peroxide was measured using a Coulter ProfQe analytical flow cytometer. 

Linear and log intensity f green fhiorescence data was collected. F r each analysis. 
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a quantity of 10,000 to 20,000 events was accumulated Optical alignment for the 
instrument was performed daily. Coefficients of variation for forward angle light 
scatter and nitegnitsd green Suorcscscc were gw^olly IcttS ihan two* Each analysis 
was repeated three times and die quantitation of fluorescence was expressed in termf 
of femtomoles (finol, 10"^^ moles) of DCF oxidized per cell, which is a direct measure 
of die intiaceUular hydrogen peroxide produced. Alternatively, in die satmatpd and 
unsaturated &tty add exaoqiles in exanoples 27-52, fluorimetiy was used to assess the 
DCF (»ddation per cdL 

The viability of die 1^37 monocytic cells afier exposure of die cells to 
various antioxidants for 24 hours was measured. The viability of die cdls was 
detemained by expomg die ceUs to die dye piopidium iodide. Pemoeable cdl 
menibranes i^cfa absortyed die dye were not considered viable. The viability of die 
cells was rqiresented as die percentage of cells duu excluded propidhim iodide. 
Figure 1 depicts in bar ffsph fomiat the viability of U937 monocytic cells after 
exposure of die cells to no antioxidant (Example 1, control), to sodium pymvate 
(Example 2), to asooibic acid (Example 3), to lactic acid (Exanq>le 4), and to 
Vitamin E (Exan^le S). Figure 2 depicts in bar graph foraaat die viability of U937 
monocytic cells after exposure of die cells to various combinations of antioxidants. 
Specifically, die viability of U937 monocytic cells was measured after exposure to no 
antioxidant (Exanq)le 6, control), to ascorbic acid and lactic acid (Exanq>le 7), to 
ascorbic acid and Vitamin E (Exanq)le 8), to sodium pyruvate and ascoibic acid 
(Example 9), to sodium pymvate and lactic acid (Exanple 10), to sodium pyruvate and 
Vitamin E (Exanq>le 1 1), to lactic acid and Vitamin E (Exaniple 12), and to sodium 
pymvate, ascoibic acid, and lactic acid (Exaniple 13). 

Figure 1 shows that ascoibic acid is cytotoxic to monocytes at 
concentrations as low as 0.25%. Figure 2 shows diat die cytotoxicity of ascorbic acid 
was reversed by die addition of 10 niM of sodium pymvate. Figures 1 and 2 show diat 
die viability rate of 15% to 20% of die cells when treated with ascoibic acid was 
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increased to 93% to 98% upon addition of sodium pyruvate. Lactic add and 
Vitamin E did n t reverse the cytotoxicity of ascorbic add. 

Sodium pyruvate was then tested at various concentrations to detemcdne 
the effect of concentrations of diis antioxidant on tfie hydrogen peroxide production by 
epidermal cdls and mcmocytes. Mammalian epidermal keratinocytes and monocytes 
were exposed to (a) 1 MJE.D. dose of ultraviolet It^t-B and (b) 100 ng/ml of 12-0- 
tetradecanoylph(nbol-13-acetate (TP A) in the presence of sodium pyruvate at die 
following concentradons: 200 nM, 100 mM, SO mM, 10 niM, 1 mM 

The optimum concentration of sodium pyruvate to reduce Ihe hydrogen 
peroxide production by q>idermal cells and monocytes was found to be 10 mM. 
Concentiations of sodium pyruvate of 50 mM and above were cytotoxic to bodi 
qiideraud kmitinocytes and monocytes. 

Magneshun pyruvate, calcium pyruvate, zinc pymvate, ascorbic add, 
lactic acid, and Vitamin E, and combinations of sodium pyruvate witfi ascorbic add, 
lactic acid, and Vitamin E were ±m tested to determine die effect of Aese salts and 
combinations of antioxidants on tfie hydrogen peroxide production by epidennal cells 
and monocytes. . The following test solutions were prepared. 

(a) sodium pyruvate [10 mM]; 

(b) zinc salt [10 mM]; 

(c) magnesium salt [10 mM]; 

(d) caldum salt [10 mM]; 

(e) sodium pymvate [10 mM] and ascorbic add 
[0.025%]; 

(f) sodium pyravate [10 mM] and lactic add 
[0.05%]; 

(g) sodium pymvate [10 mM], lactic add, 
[0.05%], and ascoibic add [0.025%]; 
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(h) lactic acid [1.0%, 0.1%. and 0.05%]; 
0) ascoibic acid [1.0%, 0.1%, 0.05%, and 

0) Vitamin E [1 U, 10 U, 50 U, and 100 U]; and 
5 (k) vehicle solvrat controls. 

There was no significant di£kr»ce among the ztnc» magnesium, and 
calcium salts of pyruvic acid on die hydrogen peroxide production by q)idermal cells 
and numocytes. The zinc and calcium salts of pyravic acid induced differentiatiqn of 
10 keratinocytes. For convenience, the sodium salt was used in subsequent tests. 

The optimum concenttation of lactic add to reduce die hydrogen 
peroxide production by epHeanBl cells and nxmocytes was found to be 0.05%. The 
optimum concentration of ascorbic add was found to be 0.025%. The higher 
15 ccmcentraticms of both of these cornpounds were found to be cytotoxic to both types 

of cells. The optimum concentration of Vitamin E was found to be SO U. 

Figure 3 depicts in bar graph format the levels of hydrogen peroxide 
produced by U937 monocytic cells after exposure of the cells to no antioxidant 
20 (Example 14, control), to sodium pyruvate (Example 15), to ascorbic acid 

(Exan:^le 16), to lactic acid (Exao^le 17), and to Vitamin E (Exanq)le 18). Sodium 
pyruvate and Vitamin E significantiy reduced the hydrogen peroxide production by 
monocytes. 

25 Figure 4 depicts in bar graph format the levels of hydrogen peroxide 

produced by U937 monocytic cells after exposure of the cells to various combinations 
of antioxidants. Specifically, die levels of hydrogen peroxide produced by U937 
monocytic cells were measured after exposure to no antioxidant (Exanq)le 19, control), 
to ascoibic add and lactic add (Example 20^ to ascoibic add and Vitamin E 

30 (Exaxaple 21), to sodium pymvate and ascoibic add (Exanqile 22), to sodium pyravate 

and lactic acid (Example 23), to sodium pyruvate and Vitamin E (Example 24), to 
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lactic acid and Vitamin E (Exan^le 25), and to sodium pyruvate, ascoibic add, and 
lactic acid (Example 26). The combination of lactic acid (0.05%) and Vitamin E 
(50 u) significantly zeduced me hydrogen peroxide production by monocytes. 

The moiphological alterations in epidemul keratinocytes woe observed 
in control cultures and in cultures eacposed to ultraviolrt-B. Cells in the layer closest 
to the dermis are basal keratinocytes. These cells proliferate and migrate into flie 
spinous and granulaor layers of die epidermis vAkm the cells begin to differentiate. The 
difimntiation pattern results in cells enucleating and forming comified envelopes at 
die iqipermost portion of the epidermis, the statum comeum. The differentiation of 
keratinocytes is controlled by die levels of calcium, magneshmi, and other elements in 
the medram. Cells in culture systems promoting differentiation appear as an epidermal 
sheet forming attachments or tight junctions witii each otiier. Keratinocytes diat 
become nonadherent or float in die media were considered responding to a cytotoxic 
event 

The following morphological alterations in the mammalian epidermal 
keratinocytes were observed for die following control cultures: 

10 n^M Sodium Pyruvate : Tight junctions of cells were formed and die proliferation 
rate of the cells was higher than the rate of the control cells. 

0.025% Ascorbic Acid : Cells were floating in a cytotoxic response to ascorbic acid. 

0.025% Ascorbic acid and 10 mM Sodium Pvmvate : Few tight junctions of cells 
were observed and cells appeared similar to die cells in die sodium pyruvate culture. 

0.05% Lactic Acid : Cells appeared dramatically altered as an epidermal sheet and as 
flat granular cells. 
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0.05% Lactic Acid and 10 mM Sodium Pyruvate: Cells formed an epidennal sheet but 
appeared smaller dian the cell in the lactic acid culture. 

SO U Vitamin E : Cells appeared Ae same as the cells in the control culture. 

so TT vitamiTi E and 10 mM SSndtntn Pyruvate: Cells increased in number and changed 
m appearance resembling die cells in the sodium pyruvate culture. 

The following morphological alterations in the marmnab'an ^idennal 
keratmocytes were observed for die conesponding cultures 6}qx>sed to ultraviolet fig^it- 
B, 100 mJoules, for 24 hours: 

10 mM Sodium Pyruvate : Cells proliferated rnore rqiidly than the cdls in the control 
culture. 

0.025% Asooihic Ac id: CeOs were nonadherent and floating in a cytotoxic response 
to ascorbic acid greater dian die cytotoxic response of die oorre^xinding cells without 
ultraviolet-B light exposure. 

0.05% Lactic Acid : Cells formed an epidemtial sheet and were more granular dian 
cells in die control culture without ultraviolet*B light exposure. 

50 U Vitamin E : Cell growth was inhibited but cells appeared similar to cells in the 
control culture without ultraviolet-B light exposure. 

50 U Vitamin E and 10 mM Sodium Pvmvate : Cells appeared similar to cells in the 
control culture and proliferated to a greater extent flian cells in die control cultures 
without ultraviolet-B light exposure. 

Morphological alterations in die U937 monocydc cell Ime were also 
observed for control cultures and cultures e?qK>sed to ultraviolet light-B, 100 mJoules, 



wo 96/37228 



PCT/US96yOS897 



.77. 

for 24 hours. The following compounds and combination f conopounds, at the 
concentrations set out bel w, significantly inhibited die levels of hydrogen peroxide 
piuuiiceu by U937 monocytic ceils 

Sodium pyruvate at 10 mM and SO raM; 

Vitamin E at SO Uand 100 U; and 

Lactic add at 0.0S% and Vitamin E at SO U. 

Examples Of 
The Tberapentic Womid HeaBng Compositioiis 
Qf Embodiment One ^-D) 
Study 2 

This study demonstrates a coniparison of die levels of hydrogen peroxide 
produced by U937 monocytic cells and epidemial keratinocytes after exposure of die 
cells to various combinations of antioxidants with and without a mixture of saturated 
and unsaturated fatty acids. The results of diis study are illustrated in Figures 5-7 and 
examples 27-52 below. 

Mammalian epidermal keratinocytes and U937 monocytic cells and the 
test solutions of sodium pyruvate, lactic acid, ascorbic acid, and Vitamin E were 
prepared as describe above for Exanq)les 1-26. hitracellular hydrogen peroxide 
production by the mammalian epidemiial keratinocytes and U937 monocytes was also 
measured as described above. 

A mbcture of fatty acids derived fiom chicken fat was prepared for 
addition to die cultured cells by mixing 0.1% of die chicken fat widi die culture media. 
At die temperature of die culture media, 37^C., die chicken fat was miscible. This 
chicken &t mixture was added to cultures of cells prior to e3q)08ure of die cells to 
ultraviolet-B light or TPA treatment 
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As set out in ^an^les 1-26, mammalian epideimal keratinocytes and 
monocytes were exposed to (a) 1 M£D. dose of ultraviolet light-B and (b) 100 ngAnl 
of i2-0-tetradecanoyIphorbol-13-acetate in the presence of various antioxidants and 
combinations of antioxidants with and without a mixture of saturated and unsaturated 
&tty acids [0.1%, 0.5%, and 1.0% chicken fat]. 

Figure S dqpicts in bar graph format the levels of hydrogen peroxide 
produced by U937 monocytic cells after exposure of the cells to various combinations 
of antioxidants widi and without a mixture of saturated and unsaturated fatly adds. 
Specifically, the levels of hydrogen peroxide produced by U937 monocytic cells wiece 
measured after exposm to htcdc acid and Vitamin E without fatty acids (Exmsplc 27) 
and with fatty acids (Example 28), to ascorbic acid and lactic add without &tty adds 
CBxan^le 29) and with &ny adds QSxsasplc 30), and to ascorbic add and Vitamin E 
wilfaout&tty adds (Exanq>le 31) and with &tty adds (Example 32). The ability of the 
combinations of lactic add and Vitamm E, ascorbic add and lactic add, and ascorbic 
acid and ^^tamin E to reduce the hydrogen peroxide production by monocytes was 
increased m tiie presence of fatty adds. The most effective combination to reduce the 
hydrogen peroxide production of monocytes was lactic add (0.05%) and Vitamin E 
(SO E) in the presence of a mixture of saturated and unsaturated fatty adds (0.5%). 

Figure 6 depicts in bar graph format die levels of hydrogen peroxide 
produced by epidermal keratinocytes after exposure of die cells to various antioxidants 
with and without a mixture of saturated and unsaturated fatty adds. Specifically, the 
levels of hydrogen peroxide produced by epidemial keratinocytes were measured after 
exposure to no antioxidant witiiout &tty acids (Example 33, control) and with fatty 
acids (Example 34), to sodium pyruvate without fatty acids (Example 35) and widi 
fatty acids (Example 36), to ascorbic acid without fatty acids (Exaxxq)Ie 37) and with 
fatty acids (Exan^le 38), to lactic add without fatty acids (Example 39) and with &tty 
adds (Example 40), and to Vitamin E widiout ftitty acids (Example 41) and widi &tty 
adds (Example 42). The ability of sodium pyruvate and Vitamin E to reduce die 
hydrogen peroxide production by epidenmal keratinocytes was increased in die presence 
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of fatty acids. The most effective combinations to reduce the hydrogen peroxide 
production of epidenxial keratinocytes were sodium pyruvate in combinati n wifli a 
mixture saturated and unsaturated taXty acids and Vitamin £ in combination with a 
mbcture of saturated and unsaturated fetty acids. 

Figure 7 depicts in bar graph format Ae levels of hydrogen peroxide 
produced by epidermal keratmocytes after exposure of die cells to various combinadcms 
of antioxidants with and wiAout a mixture of saturated and unsaturated &tty acids. 
Specifically, the levels of hydrogen peroxide produced by epidermal keratinocytes were 
measured after exposure to no antioxidant widiout &tty adds ^xan^le 43, control) 
and with &tty acids (Exan^le 44), to sodrarn pyruvate and ascorbic add widiout fatty 
acids (Example 45) and with fatty adds (Exaiq>le 46), to sodium pyruvate and lactic 
add wittiout fetly adds (Example 47) and wift &tty adds (&cample 48), to sodium 
pynsvBie and Vitamin E without &tty adds (Exanq>le 49) and with fatty acids 
(Exan^le SO), and to ascorbic add and Vitamin E wiAout fatty adds (Exanqile 51) 
and with fatty acids (Example 52). The ability of all combinations of antioxidants to 
reduce die hydrogen peroxide production by cpidemial keratinocytes was increased in 
the presence of fatty adds. In order of potency, die most effective combinations to 
reduce die hydrogen peroxide production of epidermal keratinocytes were sodium 
pyruvate and Vitamin E, sodium pyravate and lactic add, and Vitamin E, each in 
combination with a mixture of saturated and unsaturated fatty adds (0.5%). 

# 

Because of die cytotoxidty of cells towards ascoibic acid described 
above, die ascorbic acid combinations without sodium pymvate were not considered 
significandy different from the control test solution. 
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Summary Analysis Of The Data From 
StDdies 1 and 2 

Human epidcanal keratinocytes woe isolated by trypsinization of 
epithelial sheets and grown in modified base MCDB 153 medium supplemented widi 
epidermal growA fiictor and bovine pituitaiy extract Cells were seeded in culture 
dishes at a density of 3 x 10^/dish. Prim to e3qx)sure to UV B ligiht (lOQmJ/cm^) or 
treatment with lOOng/ml TPA, die cultures were treated widi die appropriate 
concentration of wound healing conqionents. Intracellular production of hydrogen 
peroxide was measured using DCFH-DA. a nonpolar compound diat readily difiEiises 
into cells, hydrolyzed to a ncmpolar derivative, hi the presence of intracellular 
hydrogen pmndde, DCFH is oxidized to a highly fluorescmt conipound DCF. Thus, 
ceihilar fluorescence intensity is directly proportional to levels of hydrogen peroxide 
produced and can be monitored by flow cytometiy. Hydrogen pooxide is cytotoxic, 
thoefbre lower levels of hydrogen peroxide production is desirable for cellular 
viabiUty. 

hi all cases, the diree conQ)onent wound healing composition surpassed the 
predicted outcomes, clearly demonstrating unpredicted synetgy. 
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Results 
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Column 1 shows &e different treatment groups. 

Column 2 shows the production of H2O2 in control cells (finol/cell). 

Column 3 shows the production of H2O2 after treatment with wound healing 

conqK>nents. 

Column 4 shows the difference in production of H2O2 fiom control after the treatment 

All comparisons were assessed against the controls, which produced 250 
H2O2 fmol/cell. The positive numbers represent 1^02 production in excess of the 
control and tiie negative numbers rq)resent 1^02 production below tiie control. These 
results are set out in Figure 8. 
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Combination of angle Ingredient Effects 

Fatly Adds (-20) & Vitamin E (+150) & Pynivate (+240) 

+370 Is The Ptedicted Thiee Component Efifect 
-130 Is The Wound healing conqiositicm Actual ^Ssct 
500 Is The DifSsroice Between Predicted Effect minus Actual effect 

(Synergy) 

Ccmibinaticm of Paired and Single bigredients 
Pyruvate & FMy Acids (+ 180) & vitamin E (+ 150) 

+330 Is The Predicted Three Component Effect 
-130 Is The Wound healing con^osition Actual Effect 
460 Is The Difference between Predicted Effect minus Actual Effect 

(Synergy) 

Vitamin E & Fatty Acids (-50) & Pyravate (+240) 

+ 190 Is The Predicted Three Component Effect 
-130 Is The Wound healing con^sition Actual Effect 
320 Is The Difference between Predicted Effect minus Actual Effect 

(Synergy) 

Pyruvate & Vitamin E (+40) & Fatty Acids (-20) 

+20 Is The Predicted Three CcmqKment Effect 
-130 Is The Wound healing con^position Actual Effect 
150 Is The Difference between Predicted Effect minus Actual Effect 

(Synergy) 
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In all cases, ttie duee coiiq>onent wound healing composition smpassed 
the predicted outcomes clearly demonstrating unpredicted synergy. 

Ezamptes Of 
The Thenpeatic Womid Healing Compoaitioiis 
Of Embodiment One C^A-D) 
Study 3 

This study demonstrates a con^arison of die wound healing abilities of 
the dierapeutic wound healing conqpositions of the present invention versus 
conventional wound healing compositions. The results of this stucfy are illustrated in 
eunq)les A*D. 



The wound healing compositions of Exanoples A-D were prepared 
having the conqjositions set out in Table A. 
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sodium pynibate 




2% 






vitamin E 




1% 






chicken &t 




2% 






LYCD 


2000 U* 


2400 U 


2400 U 




shaik liver oil 


3%* 


3% 


3% 




petrolatum 


in 


64% 


66JS% 


68% 


minoal oil 


amounts 


22.53% 


25.03% 


26.8% 


pataffin 


totaling 


5% 


5% 




emulsifier 


100% 


02% 


0.2% 


0.2% 1 



These components are present in Preparation H 
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Wound healing CQiiq)osition A was commercially available 
Preparati n H . Wound healing con^sition B was a petrolatum base fisimulation 
containing live yeast cell derivative, dunk oil, and a mbcture of sodium pyruvate, 
vitamin E, and chicken fit Wound healing coinposition C was a prtrolatum base 
fimnulation cmtaming live yeast cell derivative and shade oil. Wound healmg 
OHuposition D was a petrolatum base finmulation only. 

Wound healing studies were carried out using hairless mice (SKR-1, 
Charies River) 6-8 weeks in age. One group of mice were untreated as a control group 
and were referred to as Exanyle E. In each groiq> tfiere were 6 mice for evaluation 
at either day 3 or day 7 for a total numbor of 60 animals in die stucfy. The mice were 
anesdietized widi etfa^ and a midline 3 cm foil diidcness longitudinal incision was 
made widi a numb^ 10 scalpel blade. Incisions were closed using steel clips at 1 cm 
intervals. Formulations A-D set out above were applied in a randomized blinded study 
to die wounds on day 0 at 2 hours following wounding and reapplied at 24 hour 
intervals during the 7 days of die study. The wounds were examined daily and scored 
on a basis of 0-5 for closure on each day of the study, widi a score of 5 representing 
the wound best healed. 

The animals were sacrificed on day 3 and day 7 usmg cervical 
dislocation. The dorsal skin including die incision was dissected without die 
subcutaneous tissue. The skin was placed in neutral buffered foimalin and 
subsequently sectioned and stained with hematoxylin and eosin. The wounds were 
examined microscopically and rq>resentative tissue sections were photographed. 

On each day of the experiment, the score and rank order of die 
formulations for closure of wounds and speed of healing were as follows: 

B (5) » D (4) » C (2) >/= E. Control (2) > A (1) 
Photographs of die wounded mice on day 4 are set out m Figures 9A*9D and 10. 
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Figures 9A-9D and 1 0 show that Foinmlation B, which was a petrolatum 
base fonxmlati n containing live yeast cell derivative, sharic oil, and a mixture of 
sodium pyruvate, vitamin E, and chicken fit, was a significantiy better wound healing 
agrat than the other formulations. These results are siqyported by die subjective 
grading of die wound closures and die speed of healing on each day (1-7) of die 
experinmit as well as on die objective histological examination of tissue sections to 
measure die extent of inflammatoiy ceil infiltrate widiin die wound and die extent of 
qiidielialization at die wound edges. The final result was that less scar tissue was 
present at day 7 on die mice treated with Formulation B. 

Fomoulation D, t^ch was a ^ite petrolatum fbrandation only, was 
judged to be significantly niore effective to proniote healing diane^ C, 
which was a petrolatum base fbmnilation containing shaik liver oil and live yeast cell 
dwivative, or Foramilatian A, which was Prqiaration H™. The superior ability of 
Fcmnulation D over Foranilation C to improve healing may result from a delay in die 
healmg process caused when die live yeast cell derivative is depleted and die cells shift 
to an alternative nutrient source. The presence of the mixture of sodium pyruvate, 
vitamin E, and chicken fat in Fomoulation B apparently offsets the depletion of the live 
yeast ceD derivative. 

Formulation C, which was a petrolatum base formulation containing live 
yeast cell derivative and sharic oil, was judged comparable to the control (untreated 
wound) in speed of wound closure and extent of healing. Fommilation A, which was 
Preparation H™, appeared to be die least effective healing fbnmilation by bodi 
subjective grading of wound healing and by objective examination of tissue sections. 
The superior ability of Formulation D and Formulation C over Formulation A to 
improve healing may be due to their ability to act as an occlusive wound dressing that 
prevents transepidermal water loss and thus promotes healing and wound closure. The 
poor ability of Formulation A to improve healing may be due to die potential 
cytotoxicity of phenylmercuric nitrate present in Preparation as a preservative. 
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These results show that the wound healing conq>osjtion5 of the present 
invention which conoprise a mixture of sodium pyravate, vitamin E, and chicken fat 
increase ttie proliferation and resuscitation rate of mammalian cells. The wound 
healing compositions mediate low levds of oxygen in the initial stages of healing to 
suppress oxidative damage and hitter levels of axygen in tfie later stages of healing 
to promote collagen fimnation. 

n. Antibacterial-Womid Healing Compositions 
A. Embodiment Two CLA-D X) 

Applicant has discovered dier^eutic antibacterial-wound healing 
conqiositions (LA-D + X) vAdch oonqirise an antibactorial agent (X) and die wound 
healing conQ)osittons of Embodiment One (LA-D). Preferably, the wound healing 
composition (LA) comprises (a) pyruvate, (b) an antioxidant, and (c) a mixture of 
saturated and unsaturated fatty adds. Antibacterial agents can treat bacterial infections 
in a patient but do not promote the wound healing process. Wound healing 
con^ositions can increase tiie resuscitation rate of injured mammalian cells and the 
proliferation rate of new mammalian cells to replace dead cells but do not reduce virus 
titers. Applicants have found that tiie combination of an antibacterial agent and a 
wound healing composition results in a tiierapeutic antibacterial-wound healing 
conq)osition which reduces die size, duration, and severity of infected wounds. 

The combination of the antibacterial agent and the wound healing 
compositions of the present invention provides a pharmaceutical composition useiul for 
treating infected wounds and having an enhanced ability to prevent and reduce injury 
to mammalian cells and further increase die resusdtation rate of injured mammalian 
cells. The tissue damage assodated with many bacterial diseases is believed to be 
caused by die production of cellular produced active oxygen species. Combination of 
die antibacterial agent and die wound healing conq)ositions may suppress such reactive 
oxygen-linked tissue injury. 
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The antibacterial agents vMch may be en^loyed in fhe antibacterial- 
wound healing tfierapeutic oompositians may be selected fitmi a wide variety of water- 
sohble and water-insohible dmgs and their acid addition or metallic salts. Both 
organic and incnganic salts may be used provided the antibacterial agent mflifit ^mi y its 
medicament value. The antibacterial agents may be selected fixnn a wide lange of 
tiien^eutic agents and mbctures of tiierapeutic agents which may be admmistered in 
sustained release or prolonged action fbmi. Nonlimiting illustrative specific examples 
of antibacterial agents include bismutii containing compounds, sulfixnamides; 
nitrofunuis» metronidazole, tinidazole, nimorazole, benzoic acid; ammoglycosides, 
macrolides, penicillins, polypeptides, tetracyclines, cephalosporins, chloraDqihenicol, 
and clidamycin. Preferably, die antibacterial agent is selected fiom die group 
consisting of bismuth containing compounds, such as, widiout limitation, bismutii 
aluminate, bismuth subcitrate, bismuth subgalate, bismuth subsalicylate, and mixtures 
tiiereof, the sulfonamides; the nitrofurans. such as nitrofurazone, nitrofurantoin, and 
furozolidone; and miscellaneous antibacterials such as metronidazole, tinidazole, 
nimorazole, and benzoic acid; and antibiotics, inchiding the aminoglycosides, such as 
gentamyctn, neomycin, kanamycin, and streptomycin; the macrolides, such as 
eiythromycin, clindamycin, and rifamycin; die penicillins, such as peniciDin G, 
penicillin V, Anipicillin and amoxicillin; the polypeptides, such as bacitracin and 
polymyxin; die tetracyclines, such as tetracycline, cUorotetracycline, oxytetracycline, 
and doxycycline; die cephalosporins, such as cephalexin and cephalothtn; and 
miscellaneous antibiotics, such as chloramphenicol, and clidamycin. More preferably, 
the antibacterial agent is selected from the group consisting of bismuth aluminate, 
bismudi subdtrate, bismuth subgalate, bismuth subsalicylate, sulfonamides, 
nitrofurazone, nitrofurantoin, furozolidone, metronidazole, tinidazole, nimorazole, 
benzoic acid, gentamycm, neomycin, kanamycin, streptomycm, erydiromycm, 
clindamycin, rifamycin, penicillin G, penicillin V, Ampicillin amoxicillin, bacitracm, 
polymyxin, tetracycline, chlorotetracycline, oxytetracycline, doxycycline, cqihalexin, 
cqphalodun, chloramphenicol, and clidamycin. 
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The antibacterial agent of the present invention may be used in many 
distinct physical fyrms well known in the phamaceutical art to provide an initial 
dosage of the antibacterial agent and/or a fytUitar time-idease fbmi of the antibacterial 
agent Without being limited fliereto, sudi physical fomis inchide fiee fonns and 
encapsulated fixnns, and mbctuies diereof. 

The amount of antibacterial agent which may be en^loyed in the 
antibacterial-wound healing tfaraq>eutic ccmqsositions of the present invention ms^ vaiy 
depending upon die tfaerqieutic dosage recommended or pemoitted fiir the particuhr 
antibactmal agent In general, the amount of antibacterial agent present is the oidinaiy 
dosage required to obtain die desired result Such dosages are known to die skilled 
practiticmer in the medical arts and are not a part of die present invation. In a 
prefeired embodiment, die antibacterial agent in die antibacterial-wound healing 
composition is present in an amount fiom about 0.01% to about 10%, preferably from 
about 0.1% to about S%, and more preferably fiom about 1% to about 3%, by weight 

B. Methods For Making 
The Antibacterial-Wound Healing Compositions 
Of Embodiment Two (I.A-D * X) 

The present invention extends to methods for making the therapeutic 
antibacterial-wound healing conq)ositions (lA-D + X). In general, a therapeutic 
antibacterial-wound healing con^osition is made by forming an admixture of the 
wound healing components of l&nbodtment One (I.A-D) and an antibacterial agent 
In a first aspect of Embodiment Two (lA + X), an antibacterial-wound healing 
dierapeutic conqiosition is made by forming an admkture of an antibacterial agent and 
a wound healing conqiosition conq>rising (a) a pyruvate, (b) an antioxidant, and (c) a 
mixture of saturated and unsaturated fiit^ acids, hi a second aspect of Bnbodiment 
Two (LB + X), an antibacterial-wound healing dierapeutic conqiosition is made by 
forming an admixture of an antibacterial agent and a wound healing con^osition 
conoprising (a) a pymvate, (b) a lactate, and (c) a mixture of saturated and unsaturated 
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iktty acids. In a diird aspect of &nbodiment Two (LC + X), an antibacterial-wound 
healing dierapeutic composition is made by fimning an admixture of an antibacterial 
agent and a wound healing conqK>8ition con^rising (a) an antioxidant, and (b) a 
mixture of saturated and unsaturated iatty acids. Li a fbudh aspect of Bhbodiment 
Two (LD + X), an antibactoial-wound healing therapeutic coaqx>8itkm is made by 
forming an admixture of an antibacterial agent and a wound healing composition 
conqirising (a) a lactate, (b) an antioxidant, and (c) a mixture of saturated and 
unsaturated fatty acids. 

In a preferred embodiment, the invention is directed to a mediod for 
preparing a tfierapeutic antibacterial-wound healing composition (LA + X) whidi 
conqnises die steps of admixing die foOowing ingredients: 

(A) a therapeutically effective amount of an antibacterial agent; and 

(B) a wound healing composition \Kdiich comprises! 

(a) pyruvate selected from the group consisting of pyruvic acid, 
pharmaceutically acceptable salts of pymvic acid» and mixtures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fytty acids wherein die fatty 
acids are those fatty acids required for the repair of cellular membranes and 
resuscitation of mammalian cells. 

C. Methods For Employing 
The Anttbacteiial-Woimd HeaUng Compositions 
Of Embodiment Two (LA-D JQ 

The present invendon extends to mediods for employing die therapeutic 
antibacterial-wound healing conqsositions (lA-D + In general, a ther^eutic 
conqiosition is employed by contacting die dierapeutic composition with a wound. In 
a preferred embodiment, the invention is directed to a mediod for healmg an infected 
wound in a mammal widi an antibacterial-wound healing composition (JLA + X) which 
conq>rises die steps of: 
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(A) providing a therapeutic antibacterial-wound healing composition whidi 
conq)rises: 

(1) a therapeutically effective amount of an antibacterial agen^ and 

(2) a wound healing composition which comprises: 

5 (a) pynivate selected fiom tfie paiap consisting of pyruvic add, 

phaimaceutically accqstable salts of pyruvic acid, and mntures thereof, 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fnVty acids wherein die &tty 
acids are diose fat^ acids required for the repair of celhdar menihranes and 

10 resuscitation of mammalian cells; and 

(B) omtacting tfie antibacterial-wound healing composition widi the infected 

wound. 

D. Augmented Antlbacterlal-Womid Healnig Compositions 
IS Of Embodiment Two (LA-D X + M) 

In another aspect of Embodiment Two, die therapeutic antibacterial- 
wound healing compositions (lA-D + X) of the present invention may be further 
combined with medicaments useful for treating woimds (M) to form augmented 

20 antibacterial-wound healing compositions (lA-D + X + M). In this embodiment, die 

combination of the antibacterial-wound healing con^osition of the present invention 
and die medicament useful for treating wounds provides an augmented antibacterial- 
wound healing composition having an enhanced ability to increase the proliferation and 
resuscitation rate of mammalian cells. For example, die therapeutic conqsositions of 

25 die present invention may be used in combination widi medicaments usefid for treating 

wounds such as immunostimulating agents (Betafectin™), antiviral agents, 
antikeratolytic agents, anti-inflammatory agents, antifungal agents, tretinoin, sunscreCT 
agrats, demiatological agents, topical antihistaznme agents, odier antibacterial agents, 
bioadhesive agents, respiratoiy bursting inhibitora QwcAc acid, adenosme), inhSbitora 

30 of prostaglandin synthesis (ibuprofm, aspirin, mdomediacin, meclofenomic acid, 

retinoic acid, padimate O, meclomen, o?^enzone), steroidal anti-inflammatoiy agents 
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(coiticosteioids including syndiedc analogs), antimiciobial agents (neosporin ointment, 
silvadine), antiseptic agents, anesthetic agents (piamoxtne hydrochloride* lidocaine, 
benzocaine), cell nutrient media, bum relief medications, sun bum medications, acaie 
prq[>aiatiQn8, insect bite and sting medications, wound cleansers, wound dressings, scar 
reducing agents (vitamin E), and Ike like, and mixtures hereof, to furdier enhance Ae 
proliferation and resuscitaticm rate of mammalian cells. Fieferably, tfie medicaircnt 
useful ftx treating wounds is selected fiom tfie gmsp consisting of immunostimulating 
ag»ts, antiviral agents, antikeratolytic agoits, anti-inflammatoiy agents, antifungal 
agents, tretinoin, sunscreen agents, dermatological agents, topical antihistamine agents, 
antibacterial agents, faioadhesive agents, respiratory bursting inhibitors, inhibitors of 
prostaglandin synthesis, antimicrobial agents, cell nutrient media, scar reducing agents, 
and mixtures Aereof. More prefisrably, the medicament useful fiir treating wounds is 
selected fioni the group consisting of immunostimulating agents, antiviral agents, 
antikeratolytic agents, anti-inflammatory agents, antifungal agents, acne treating agents, 
sunscreen agents, denmatological agents, antihistamine agents, antibacterial agents, 
bioadhesive agents, and mixtures thereof. 

in a piefeired embodiment, die invention is directed to an augmented 
antibacterial-wound healing composition (LA + X + M) which comprises: 

(A) a therapeutic antibacterial-wound healing composition which corxqmses: 

(1) a dierapeutically efTecdve amount of an antibacterial agent, and 

(2) a wound healing conq)osition which comprises: 

(a) pyruvate selected fiom the group consisting of pyruvic acid, 
phannaceutically acceptable salts of pymvic acid, and mixtures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty acids wherein the fyXXy 
acids are those fatty acids required for the repair of celhilar membranes and 
resuscitation of mannnalian cells; and 

(B) a medicament useful far treating wounds. 
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The present invention esOends to mediods for making die augmented 
antibactmal-wound healing conqxisitions. In general, die augmented conopoaidons are 
made by admixing die dioapeudc andbacterial-wound healing composidon widi die 
medicament usefid fiir treating wounds to prepare die augmented antibactoial-wound 
S healing ccmpoaitiQn. 

The present invendcm also extends to mediods for en^loying the 
augmented antibacterial-wound .healing compositions. In gmeral, an augmented 
antibacterial-wound healing composition is employed by contacting the oonqxisition 
10 widi a wound In a pre fe rred enibodtment, die invention is directed to a mediod for 

healing an infected wound in a mammal with an augmmted antibacterial-wound 
healing composition + X + M) which comprises the stqis of: 

(A) providing adierapeutic augmented antibacterial-wound healing conq>osition 
which conqmses: 

15 (1) a dierapeutically effective amount of an antibacterial agen^ 

(2) a wound healing composition which comprises: 

(a) pymvate selected from the group consisting of pyruvic acid, 
phaimaceutically acceptable salts of pyruvic acid, and mixtures diereof; 

(b) an antioxidant; and 

20 (c) a mixture of saturated and unsaturated fatty acids wherein die fatty 

acids are those fatty acids required for the rqpair of cellular membranes and 
resuscitation of mammalian cells; and 

(3) providing a medicament useful for treating wounds; and 

(B) contacting the augmented antibacterial-wound healing conqiosition with die 
25 infected wound. 

The types of wounds which may be healed using the antibactorial-wound 
healing compositions and the augmented antibacterial-wound healing compositions of 
the present invention are those which result fiom an infected injury which causes 
30 epidermal damage. The topical dierapeutic conqpositions may be used orally in die 
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fimn of a mouth wash or spray to protect and accelerate the healing of injured oral 
tissue. 

Methods for healing a wound comprise topically administering the 
S oonopositions of the present invention direcdy to a wound site to increase Ae healing 

rate of die wound. The ccmiposition is maintained in contact with die wound for a 
period of time sufiGcient to increase die proliferation and resuscitation rate of die cells. 

10 

E. Formidations Of 
The Antibacterfal-Woimd Healing Composittons 
Of Embodiment Two (LA-D X) and (LA-D ♦ x -i* M) 

IS Once prepared, the inventive dierapeutic anttbacterial-wound healing 

conq>ositions and augmented antibacterial-wound healing compositions may be stored 
for future use or may be fonnulated in effective amounts with pharmaceutically 
acceptable caniers such as pharmaceutical appliances and topical vehicles (oral and 
non-oral) to prepare a wide variety of pharmaceutical compositions. The 

20 pharmaceutically acceptable carriers which may be employed and the methods used to 

prepare die pharmaceutical compositions have been described above in connection with 
the formulations of the wound healing compositions of Embodiment One (IA-*D). 

hi a preferred embodiment, the invention is directed to an antibacterial- 
wound healing pharmaceutical coixq)Osition which coniprises: 

25 (A) a dierapeutic antibacterial«wound healing composition (IJi + X) which 

comprises: 

(1) a dierapeutically effective amount of an antibacterial agen^ and 

(2) a wound healing composition which comprises: 

(a) pyruvate selected fiom die group consisting of pyruvic acid, 
30 pharmaceutically acceptable salts of pyruvic acid, and mixtures thereof; 

(b) an antioxidant; and 
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(c) a mixture of saturated and unsaturated faXty acids wherein die fatty 
acids are those iat^ acids required for die repair of ceUular mmbranes and 
resuscitation of mammalian cells; and 

(B) a phamoaceutically acceptable carrier selected fiom die group consisting of 
pharmaceutical appliances^ bioadhesivesi and occlusive vdiicles. 

In another preferred embodiment, die invention is directed to a mediod 
for preparing a pharmaceutical conqiosition for increasing the prolifaatum and 
resuscitation rate of mammalian cells, which conq)rises die steps o£ 

(A) providing a dioapeutically effective amount of an antibacterial-wound 
healing composition (lA + X) which ccnnprises: 

(1) an antibacterial agent; and 

(2) a wound healing composition conqsrising: 

(a) pyravate selected from die gcaup consisting of pyruvic acid, 
pharmaceutically acceptable salts of pymvic acid, and mixtures diereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty acids wherein die fatty 
acids are diose fatty acids required for die repair of cellular membranes and 
resuscitation of mammalian cells; 

(B) providing a pharmaceutically acceptable carrier; and 

(C) admixing the antibacterial-wound healing conqiosition from step (A) and 
the pharmaceutically acceptable carrier fix>m step (B) to form a pharmaceutical 
composition. 
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I claim: 

1. A ther^>eutic antibacterial-wound healing ooonposition which 
S comprises a fheiapeutically efiective amount of an antibacterial agent and a wound 

healing conqiosition, wherein the wound healing conq)08ition comprises: 

(a) pyruvate selected fiom the group consisting of pyruvic acid» 
phaimaceutically accq)table salts of pyruvic acid, and mixtures fliereo^ 

(b) an antioxidant and 

10 (c) a mixture of saturated and unsaturated fatty adds wherein the fatty 

acids are Aose fatty adds required for the resusdtation of injured mnmmMm cells. 

2. The composition according to clami 1, wherein the antibacterial agent 
IS is selected from the group consisting of bismudi containing compounds, sulfonamides; 

nitrofiirans, metronidazole, tmidazole, nimorazole, benzoic add; aminoglycosides, 
macrolides, penicillins, polypeptides, tetracyclines, cephalosporins, chloranqphenicol, 
and clidamycin. 

20 3. The composition according to claim 2, wherdn the antibacterial agent 

is bismuth aluihinate, bismuth subcitrate, bismuth subgalate, bismuth subsalicylate, 
sulfonamides, nitrofiirazone, nitrofurantoin, furazolidone, metronidazole, tinidazole, 
nimorazole, benzoic add, gentanoycin, neomycin, kanamycm, streptomycin, 
erythromydn, clindamycin, rifamydn, penicillin G, penicillin V, Aiiq)idllin 

2S amoxicillin, bacitracin, polymyxin, tetracycline, chlorotetracycline, o^grtetracycUne, 

doxycycline, cephalexin, cephalothin, chloranq)henicol, and clidamycin. 

4. The conqsosition according to claim 1, wherein die pyruvate is 
selected from die group consisting of pymvic add, lithium pyruvate, sodium pyruvate, 
30 potassium pyruvate, magnesium pyruvate, caldum pymvate, zinc pyruvate, manganese 
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pyruvate, mediyl pyruvate, a-ketoglutaiic acid, phannaceuticany acceptable salts of 
pyruvic acid, prodrugs of pyruvic acid, and mixtoies thereof. 

5. The cmiposition according to claim 4, herein die pyruvate is 
S sodium pymvate. 

6. The composition according to claim 1, wherein the antioxidant is 
selected fiom die gjN^up consisting of all forms of Vitamin A inchiding retinol and 3,4- 
didehydoretinol, all forms of carotene inchiding a-carotene, j9-carotae, gprnma- 

10 carotene, and i/eto-carotene, all forms of Vitamin C including D-asc6rbic add and L- 

ascorbic acid, all forms of Vitamin E inchiding a-tocopherol, >9-tocopheroI, gamma- 
tocopherol, </e//a-toocpheiol, tocoquinpne, tocotrienol. Vitamin E esters which readily 
undergo hydrolysis to Vitamin E inchiding Vitamin E acetate and Vitamin E succinate, 
and pharmaceutically acceptable Vitamin E salts such as Vitamin E phosphate, 

IS prodmgs of Vitamin A, carotene. Vitamin C, and Vitamin E, pharmaceutically 

acceptable salts of Vitamin A, carotene. Vitamin C, and Vitamin E, and mixtures 
thereof. 

7. The coniposition according to claim 6, wherein the antioxidant is 
20 Vitamin E acetate. 

8. The conq)osition according to claim 1, wherein the mixture of 
saturated and unsaturated fatty acids is selected fixim die groiq> consisting of animal 
and vegetable iats and waxes. 

25 

9. The composition according to claim 8, wherem die mixture of 
saturated and unsaturated fatty adds is selected fiom die groiq> consisting of human 
fat, chicken fat, cow &t, sheep fat, horse fat, pig fat, and i^ale fat 

30 10. The composition according to claim 9, wherein the mixture of 

saturated and unsaturated fatty adds con^rises lauric add, myristic add, myristoldc 
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add» pentadecanoic acid, paltmtic acid, pahnitoleic add, maigaric acid, mai^gaioleic 
acid, stearic, leic add, linoldc acid, linolenic add, aiachidic acid, and gadoldc acid. 

11. The conqxydtioii acccnding to claim 1, ift^eidn die antibacterial 
agmt is present in die therapeutic wound healing composition in an amount fiom about 
0.01% to about 10%, by wdght of the ihenqieutic ivound beaUng composition. 

12. The composition according to claim 1, wherein pyruvate is present 
in the flierapeutic wound healing conq)osition in an amount fiom about 10% to about 
50%, by wdght of the Aerapeutic wound healing con^psition. 

13. The composition according to claim 1, wherein the antioxidant is 
present in the therapeutic wound healing composition in an amount fiom about 0.1% 
to about 40%, by wdght of the therapeutic wound healing conqiosition. 

14. The coiiq)ositioD according to claim 1, wherein the mixture of 
saturated and unsaturated fatty adds is present in the therapeutic wound healing 
conq)osition in an amount fiom about 10% to about 50%, by weight of the therapeutic 
wound healing composition. 

15. A method for treating an infected wound in a mammal with an 
antibacterial-wound healing conqiosition which courses the steps of: 

(A) providing a dierapeutic antibacterial-wound healing conqiosition which 
coiuprises! 

(1) a tiierapeutically efiective amount of an antibacterial agent; and 

(2) a wound healing composition which coixq>rises: 

(a) pymvate selected fixmi the group consisting of pymvic add, 
pharmaceutically acceptable salts of pymvic acid, and mixtures diereo^ 

(b) an antioxidant; and 



W09607228 



PCT/US96AIS897 



-98- 

(c) a mixture of satuiated and unsatmated fatty adds wherein the fatty 
adds are diose fetty adds required for the repair of cettolar memibranes and 
resosdtation of manmwKan cells; and 

(B) contactmg the antibacterial-woimd healing conqxmtion widi die infected 

wound. 

16. A mediod for prqiaring a thenQ»eutic antibacterial*wound healing 
composidon ixAich conqirises die stq>s of admixing die following ingredients: 

(A) a therapeutically effective amount of an antibacterial agent; and 

(B) a wound healing composition which conqirises: 

(a) pyruvate sdected from die group consisting of pyruvic add, 
pharmaceutically accq)table salts of pyruvic add, and mixtures diereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty acids wherein die iat^ 
adds are those fatty adds required for the repair of cellular membranes and 
resusdtation of mammalian cells. 

17. An augmented antibacterial-wound healing composition which 

conq>rises: 

(A) a therapeutic antibacterial-wound healing composition which comprises: 

(1) a therapeutically effective amount of an antibacterial agent; and 

(2) a wound healing composition which comprises: 

(a) pyruvate selected firom the group consisting of pyruvic add, 
pharmaceutically acceptable salts of pyruvic add, and mixtures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty adds wherem the fatty 
adds are diose fat^ acids required for die repair of celhilar mraibranes and 
resuscitation of mammalian cells; and 

(B) a medicament usefid for treating wounds. 
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18. The augmented antibacterial-wound healing conqsosition according 
to chum 17, wherein the medicament useful for treating wounds is selected fiom die 
group consisting of immnnosdmulating agents, antiviral agents* antikenitolydc agents, 
antinnflammatoiy agents, antifimgal agents, acne treating agents, sunscreen agents, 
derasatological agents, antihistamine agents, odier antibactmal agmts, bioadhesive 
agents, lespiratoiy bursting inhibitors, inhibitCHS of prostaglandin synthesis, 
antimicrobial agents, antiseptic agents, anesdiedc agents, cell nutrient media, bum relief 
medications, sun bum medicaticms, insect bite and sting medications, wound cleansers, 
wound dressmgs, scar reducing agents, and mixtures diereof 

19. A method for treating an infected wound in a fwrniTnal widi an 
augmented antibacterial-wound healing coniposition which comprises the steps of: 

(A) providing a therapeutic augmmted antibacterial-wound healing coniposition 
which coniprises: 

(1) a therapeutically effective amount of an antibacterial agent; 

(2) a wound healing composition which comprises: 

(a) pymvate selected from the group consisting of pyruvic acid, 
phamiaceutically acceptable salts of pymvic acid, and mixtures thereof, 

(b) an antioxidant; and 

(c) a noixture of saturated and unsaturated fatty acids wherein die fatty 
acids are those fatty acids required for die repair of cellular membranes and 
resuscitation of mammalian cells; and 

(3) providing a medicament useful for treating wounds; and 

(B) contacting the augmented antibacterial-wound healing conqiosition widi the 
infiscted wound 

20. An antibacterial-wound healing pharmaceutical con^sition vtdiich 

comprises: 

(A) a dierapeutic antibacterial-wound healing conqiosition which comprises: 

(1) a therapeutically effective amount of an antibacterial agent; and 

(2) a wound healing composition which comprises: 
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(a) pyruvate selected firom die gioup consisting f pyiuvic add, 
phaimaceutically acceptable salts of pyruvic add, and ndxtures dieieof, 

(b) an antioxidant; and 

(c) a nnxture of saturated and unsaturated fifty acids ^eran flie &tty 
adds are those firtty adds required fin* Ae repair of cdlular membranes and 
resusdtaticm of mammalian cdls; and 

(B) a phaimaoeuticaUy accqitable carria* selected fiom the grcmp consisting of 
phannaceutical q>pliances. bioadhesives, and occlusive vehicles. 
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